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PREFATORY NOTE. 



Geologic investigation in Texas has been fragmentary and onsatis- 
factory for many reasons: hostile Indians till recently ravaged the 
western half of the State ; the civil war suspended the work of a com- 
prehensive geological survey inaugurated under the State legislation of 
1858, and that survey resuscitated and a later organization both came 
to naught. The TJ. S. Geological Survey has extended its operations 
into the State too recently to increase greatly the published knowledge 
of the geology of Texas. 

To study intelligently the geology of this State it is important that a 
digest of such material as has been already published should be made. 
The present bulletin comprises an historical statement of such scientific 
work as has added to available knowledge of the topography and the 
paleontology as well as the geology of the State^ but it is not intended 
to include unpublished knowledge gained by my residence and study 
in the State, except as that knowledge modifies comments on conclu- 
sions already in print. Other publications will embody such matter in 
due time. The present work does not extend the record beyond Jan- 
uary 1, 1886. 
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By Bobebt T. Hill. 



L HISTORICAL STATEMENT RESPECTING GEOLOGIC INVESTIGATION. 

KNOWLEDGE AT THE BEGINNING OF THIS CENTURY. 

Geology as a distinct science is so recent that we should not expect 
to find specific information upon that subject in early records; but geo. 
logic facts worthy of our attention are sometimes discernible in the de- 
scriptions of local geography and natural history given by intelligent 
travelers. The most complete and trustworthy compilation of the early 
Spanish, French, and Mexican authorities, with other historical data, 
is to be found in a work prepared by William Kennedy,' which is prefer- 
able to many later histories because of the scholarly and unprejudiced 
manner in which it was written. 

The knowledge derived from previous authorities was embodied in 
the works of Baron Friedrich Heinrich Alexander von Humboldt, who 
visited Spanish America in the employ of Spain in the years 1799-1804, 
collecting all available information. 

Although his studies extended into this century, his writings may 
justly be considered a correct statement of the geologic and geographic 
knowledge at the opening of the century. He first attempted to repre- 
sent the principal features of the region on a map which accompanies the 
Voyage au regions ^quinoctiales du Nouveau Continent, par A. de Hum- 
boldt et A. Bonpland. His physical observations upon the mountains 
and plains, his numerous measurements of the region of the Upper Bio 
Grande, and his formulation of meteorologic laws concerning that re- 
gion were all valuable, though indirect, contributions to our knowledge 
of Texas, which it seems he did not visit personally. A glance at his 
map is sufficient to show that the conception he possessed of this 
region, although the best of his time, was vague and indefinite. The 
sources and the courses of the rivers are incorrectly delineated. Streams 
having their sources in the eastern portion of the plains are represented 
as originating in lakes, an error probably arising from the fact that in the 
vicinity of San Antonio de Bexar, which at that time was the nucleus of 
Spanish settlement, the water courses arise from outbursting springs 
which usually expand into extensive pools of water. These phenomena 

^ Texas : The Bise, Progress, and Prospects of the Republic of Texas. By WiUiam 
Kennedy, esq. In two volumes. London, 1841. 8^. 
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10 PRESENT KNOWLEDGE OF GEOLOGY OP TEXAS. rBULL.4«. 

are parely local, however, and the strjaams of Texas as a general rale 
are but the seaward contiuuati^ df-long jarroyos usually dry in the be- 
ginning of th;pir Geuir^ci^'* GSie-'lufitude and the longitude of all interior 
places stjgiinaDrrecfly given by many degrees. 
.,: : [-The delitieation of the old Spanish roads across Texas is also a feature 
* ' of Baron von Humboldt's map indirectly bearing upon the geographic 
and geologic knowledge of the last century, for they indicate the extent 
of the country that came under the observation of the travelers of that 
time. They also indicate that the Spanish inhabitants were familiar 
with some of the results of one of the characteristic geologic features of 
Texas, for a road leads to the Paleozoic region of the San Saba, where 
it is certain that extensive explorations for minerals and some mining 
operations were conducted by them.* 

ANGLO-AMERICAN ADVENTURERS AND COLONISTS. 

The general exclusion of foreigners from the region while it was a 
province of the viceroyalty of Kew Spain, at the close of the last and 
in the beginning of the present century, tended to prevent exploration 
similar to that then going on in the United States, where the war of 
the Revolution had hardly closed before an epoch of scientific experi- 
ment and exploration was inaugurated. Before two decades of the pres- 
ent century had passed, governmental and private expeditions had ex- 
plored a great portion of the territory of the U nited States as then defined. 
According to William Kennedy, who occupied a diplomatic position 
at a later period in Mexicd,^ " it will readily be inferred that the success 
of the United States in achieving their independence and the rapid 
growth of the federation were not regarded with indifference by the 
intolerant and suspicious government of Spain, whose step-dame treat- 
ment of its transatlantic dependencies supplied abundant cause of dis- 
affection. Lest the dreaded principles of the North American Eepublic 
should contaminate the populous districts of Mexico, it became more 
than ever necessary to guard against the intrusion of foreigners through 
Te±as. The feelings entertained by the Spanish authorities were man- 
ifested in a favorite saying of a captain general of the eastern internal 
provinces * * * that, had he the power, he would prevent the 
birds from flying across the boundary between Texas and the United 

^Attention is here called to the misapplication of the old Spanish names by Amer- 
ican travelers of this century, to be seen on comparison of any recent map with Hum- 
boldt's. It may have been the natural result of the confusing manner in which the 
Spaniards applied the terms "muddy" and "*' red" to all streams within this region 
that we have a great multiplication of " Red," "Colorado," "Pecos," and " Puercos " 
rivers throughout the Southwest. 

3 Traditions of these old Spanish mines still cause the people of Central Texas to 
spend much time in endeavoring to find precious minerals in the various formations 
of that region. 

3 Texas : The Rise, Progress, and Prospects of the Republic of Texas. By William 
Kennedy, esq. In two volumes. Vol. I, p. 236. London, 1841. 
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States. Perpetual imprisonment, at least, awaited the unlacky wan- 
derer who was caught on the forbidden soil without the protection of a 
special license." It is not to be understood, however, that the Span- 
ish government was not in its way a most liberal patron of natural 
science; *its encouragement of Humboldt affords suf&cient evidence of 
this. It must be remembered, however, that the time of which we write 
(1790-1810) was one of peculiar relations to scientific work in ISew 
Spain. Kot only did the Spanish goverhment, after its manner, en- 
courage science, but, according to the laws of the Indies, which gov- 
erned the supreme courts of Spanish America, permission to travel 
was procurable only upon condition that its object was research in nat- 
ural history. The fact must not be forgotten, on the other hand, that the 
diluvian theory of that day had not yet met disastrous defeat from the 
stratigraphists and that the church that governed New Spain still di- 
rected and defined the scope of scientific exploration within its terri- 
tory, and infidel observations were considered no more desirable by the 
clergy than were Anglo-American explorations by the state. These, 
also, were the last days of Spain's tottering rule in Mexico, and soon 
the revolution that ultimately freed the latter country from her power 
formed another serious obRtacle to investigations of Spanish America 
by citizens of the United States. 

PHILIP NOLAN. 

Notwithstanding the numerous dif&culties, an irrepressible spirit of 
adventure led many citizens of the United States into Spanish territory. 
To one of these we are indebted for the first Anglo-American contribu- 
tion to the knowledge of the geography of Texas. Philip Nolan, a front- 
ier trader, an Irishman by birth, in 1797 made a trading expedition 
into the Province of Texas from Natchez, Miss., at that time the out- 
fitting town of the southwestern border. He was a shrewd observer 
and recorded his impressions of the country, which, on his return to 
Natchez, he published in a small work accompanied by a topographic 
map, his being the first description of Texas by an actual observer 
printed in the United States. The results were trifling, the map was 
incorrect and restricted, and, moreover, the book is practically out of 
existence. Upon returning to Texas, Nolan paid the penalty of death 
for his offense against Spanish jealousy, being shot while resisting capt- 
ure March 21, 1801. 

Others soon followed Nolan, notwithstanding the watchfulness of 
the Spaniards. None of these, however, except one or two military ex- 
plorers, referred to hereafter, left written reports of their labors. 

AMERICAN COLONIZATION PERIOD. 

The Anglo-American adventurers who had so assiduously penetrated 
the Spanish possessions brought back to the United States many reports 
of the fertility of the region. The Spaniards cared little for th^ la»\yl 

(389) 



12 PRESENT KNOWLEDGE OF GEOLOGY OF TEXAS. [BULUiS. 

and were desirous of securing actual settlers. Ttie combination of these 
two facts resulted in that unique epoch of the history of Texas now 
generally spoken of as the period of colonization under the empresario 
grants,^ 1820-1834:, during which time Anglo-American settlers,gained 
a firm foothold in what had hitherto been the jealously guarded terri- 
lory of Spain. During this period Mexico threw off the Spanish yoke, 
which gave increased impetus to Anglo-American settlement of Texas. 

The Spanish system of empresario or contract grants of land was as • 
follows : The authorities gave large tracts ta parties or companies upon 
condition that they would locate upon them a certain number of colo- 
nists. The metes and bounds of these grants were not defined by act- 
ual surveys, but by certain vaguely understood natural boundaries, 
such as the streams and mountains. This system of land grants obvi- 
ated the immediate necessity for governmental topographic surveys 
and permitted the location of lines to be intrusted to individaals, which 
much confused the topographic knowledge of the state. 

Stephen F. Austin, who on the death of his father, Moses Austin, 
inherited the latter's concessions, also succeeded him as leader of a body 
of immigrants from Missouri, and conducted the first colony from the 
United States to Texas, at the time (1821) a portion of Mexico. He was 
a man of more than ordinary intelligence, and, pursuing a different 
course from that adopted by most of the men who accepted the empre- 
sario grants, before locating his colony he personally explored the region 
granted him. He made a practical contributiou to the knowledge of the 
country by n^eans of many articles in the newspapers of the Northern 
United States and he compiled a map of Texas that was far superior to 
any that had previously been published. 

' Mary Austin Holley, in 1833, wrote a small work upon Texas, which 
gave popular descriptions of its natural history and topography, but was 
not of marked value to science. 

The Texan war of independence (1834-1836), the Texan Republic (1836- 
1845), and the war of the United States with Mexico (1846) marked years 
unproductive of important Anglo-American contributions to scientific 
knowledge of Texas, although a map was issued by Messrs. Hunt and 
Bandall, of the Texas land office, in 1835. They also published a small 
guide to Texas. The Santa F6 expedition took place during this time, 
but its annals contain nothing of definite scientific value.^ 

EUROPEAN INVESTIGATORS. 

We owe to foreign investigators the greater portion of the knowledge 
we now possess of the geologic features of Texas. The writings of Baroii 
von Humboldt have already been mentioned. During the political 

* See various histories of Texas : ThraU, Kennedy, Foote, and others. 
2 See Narrative of the Texan Santa F6 Expedition. By George Wilkins Kendall. 
Harper Brothers, New York, 1850. 

(390) 



HILL.] EUROPEAN INVESTIGATORS. 13 

troubles incident to the war of Texan independence and its accompa- 
nying excitement several distingaished foreigners visited the region, 
and to them we owe not only the first purely scientific information but 
also by far the most satisfactory geologic treatise yet published regard- 
ing Texas. 

WILLIAM KENNEDY. 

The British government in the year 1838 sent William Kennedy upon 
a diplomatic mission to the young Republic of Texas. This gentieman, 
iu addition to a most liberal education, possessed very keen powers of 
observation, which had been greatly sharpened by years of cosmopoli- 
tan travel.. While in Texas he closely studied the topography, natural 
history, and geology of the country, and upon his return to England he 
published, in 1841, the first intelligent statement of the natural and po- 
litical history of Texas and the first scientific description of the country 
based upon personal observation. 

Gonsidaring the time and the conditions under which this work was 
written, too much praise cannot be bestowed upon it. Its title page^ 
makes no allusion to the valuable scientific matter it contains, and to 
this alone can I attribute the fleust that the book is so little known to 
scientific men« Book I of Volume I, consisting of 200 octavo pages, is 
entirely devoted to the " Geography, natural history, and topography 
of Texas," and contains much of the knowledge set forth by later writers? 
most of whom, str^ge to say, have not mentioned this fountain head 
of their information.' 

Although the contribution was small in volume and general in char- 
acter, it justly deserves the following credit: 

(1) It gives the first carefully compiled topographic map of the 
region. This map represents authentically the state of geographic 
knowledge of Texas in the year 1839 and is far superior in points of 
detail, accuracy, and completeness to any of the maps that had been 
compiled previdusly or that appeared at about the same p^riod.^ 

(2) It presents the first geologic description of the country. This 
description, although short and untechni^cal, outlines much of what 
later workers have more carefally described and published, excepting 
that of a purely paleontologic nature. 

(3) It has the first intelligent description of the natural history of the 
country. 

Mr. Kennedy gives first an account of the geographic extent and 
boundaries of the country and its natural divisions. Stating the " re- 
markable contrast between the border sections and the lands of the in- 
terior,'' he next deals with the seacoast peculiar to this region, and 

^ Texas: The Rise, Progress, and Prospects of the Republic of Texas. By William 
Kennedy^ esq. In two volumes. London, 1841. 
3 Dr. Boemer is a notable exception. 
*Hnnt and Randall's and Scherpf 's maps appeared about the same time as this. 
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lie notes the <^ alluvial accamulations and encroachments of the land on 
the gulf." He also gives a general hydrographic view of the State and 
a comparison of the rivers on the eastern side with those on the western 
side of the Bocky Monntains, describing many physical features that 
have now become the common basis of all descriptions. 

He devotes an entire chapter to the peculiar climatology of Texas, a 
subject of great importance in the superficial geology of the State, and 
one the peculiarities of which Mr. Kennedy described most ably, consid- 
ering the state of knowledge at the time he wrote. The zoologic and 
botanic resources are given, and he was the first to describe the " cross 
timbers," a unique feature of the country which still remains an unsolved 
geologic problem. 

Mr. Kennedy in describing the general features of the country no- 
tices the great extent of the Cretaceous formation in Texas and men- 
tions for the first time in print the older Paleozoic strata. He speaks 
of fossils, of the various minerals, of " peculiar spedes of stone," &c. 
The appearance of asphaltum is mentioned , as well as the superabun- 
dant petrified woods of Texas.. Mr. Kennedy also gives us the most 
complete and trustworthy enumeration of the early Spanish, French, 
and Mexican explorations in Texas. 

G. A. SCHERPP. 

An emigration movement in Germany gave an impulae at this period 
to another series of investigations. We probably owe the first German 
description of Texas to G. A. Scherpf, who in 1841 published a work^ 
accompanied by two maps, one being a map of the country to the Pacific 
Ocean and the other a map of Texas, compiled from the material of the 
General Land Office of the Republic, in 1839, by Richard S. Hunt and 
Jesse F. Randall. 

The work, as indicated by Dr. Ferd. Roemer, is valuable from the 
fact that it is based upon the personal observations of the author dur- 
ing a long residence in the country, though Dr. Roemer generally found 
through observations of the region here and there that Scherpf had 
painted his picture in too glowing colors. 

PRINCE CARL SOLMS-BRAUNFELS. 

In connection with the Mainz- Verein, a company organized to facili- 
tate German emigration to Texas, much was published concerning the 
country. The patrons of the movement were German noblemen, who 
organized the union at Mayence in the spring of 1844. 

In 1846 Prince Carl Solms-Braunfels, the chief promoter of the union 
and at that time its resident agent in Texas, published and distributed 

*EDt8tehung8geschichte und gegenwartiger Zastand des neuen, unabhangigen, 
amerikanischen Staates Texas. Ein Beitrag zur Geschichte, Statistik und Geograpbie 
dieses JalirhnndertB, Im Lande.selbst gesammelt von G. A. Scherpf. Augsburg, 1841. 
^ />/>' rf, 154, 2 mapa. 
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throaghout Germany a handbook for emigrants to Texas, accompanied 
by two maps.^ 

VICTOB BBAOHT. 

Victor Bracht added to the German works of this period one' de- 
scribing Texas in the year 1848. It contained a few references to the 
topography and the natural history of the State, but it was mainly an 
enthusiastic appeal for German emigration. 

FEBDINAND BOEMEB. 

In 1845 Dr. Ferdinand Boemer, the distinguished geologist and pa- 
leontologist, visited Texas to make a scientific study of its adaptation to 
German settlement. Dr. Boemer was in the State from December, 
1845, the month of annexation, until April, 1847. His labors resulted 
in the most valuable contributions to the knowledge of the geology o£ 
Texas that have yet been made. These were published as follows:^ 
Two preliminary papers in the American Journal of Science and Arts 
and two volumes in German, whose titles, given below, may be respect- 
ively translated as " Texas, with especial reference to German emigra- 
tion and the physical condition of the country, based upon personal 
observations,'^ Bonn, 1849, and "The Cretaceous formation of Texas 
and its organic remains, with a description of the Tertiary and Paleo- 
zoic strata appended,'^ Bonn, 1852. 

These works contain the' first purely scientific discussions of Texas* 
The volume first named, as its title indicates, was chiefly written for 

^ Texas: Gescliildert in Beziehung aaf geographiscben, socialen uud tLbrigen Ver^ 
haltnisse, mit besonderer Rticksicbt auf die deatsobe Colonisation. Ein Handbacb 
fUr Answanderer nacb Texas. Seinen dea tscben Landslenten gewidmet von Carl Pri n- 
zen zxx Sobns-Braontels ; nebst zwei Karten von Texas. Frankfart-am-Main, 1846. 8^. 

3 Texas im Jabre 1848, nacb mebrjabrigen Beobacbtangen dargestellt von Victor 
Bracbt (seit 1845 Bnrger jenes freien Staates), Elberfel and Iserlobn, 1849, bei Bu- 
deker. 8°. 

3 Following is a list of tbe writings of Dr. Ferdinand Roemer on tbe geology of 
Texas : 

(1) ^'A Sketcb of tbe Geology of Texas; by Dr. Ferdinand Roemer. (In a letter 
to tbe editors dated New Braanfels, German settlement on tbe Gnadalonpe, in Western 
Texas, Comal County, June 12, 1846)." Am. Jour. Sci., 2d ser., Vol. II, pp. 358-365 
1846. 

(2) " Contributions to tbe Geology of Texas ; by Dr. Ferdinand Roemer." Am. 
Jour. Sci., 2d ser., Vol. VI, pp. 21-28, 1848. 

(3) Texas : Mit besonderer Riicksicbt auf deutscbe Auswanderuug, und die pbys- 
iscben Verb^tnisse des Landes nacb eigener Beobacbtung gescbildert von Dr. Ferdi- 
nand Roemer. Mit einem nat nrwissenscbafbllcben Anban ge und einer topograpbiscb- 
geognostiscben Karte von Texas. Bonn, bei Adolpb Marcus, 1849, 8^, pp. xiv, 2, 
464, witb map. 

(4^ Die Ereidebildungen von Texas und ibre organiscben Einscbliisse, von Dr. 
Ferdinand Roemer. Mit einem die Bescbreibung von Versteinerungbn aus palaozo- 
iscben und tertiaren Scbicbten entbaltenden Anbange und mit 11 von C. Hobe nacb 
der Natur auf Stein gezeicbneten Tafeln. Bonn, bei Adolpb Marcus, 1852. 4^^ 100 
pp., with plates. 
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Oerman emigrants, bat its contents include mach valuable scientific 
matter in addition to the first geologic map of Texas. This was printed 
in colors^ indicating the superficial distribution of the formations. Al. 
though crude and imperfect, it contains all the definite information of 
the region then accessible and most of what has been delineated on 
more recent maps. 

The scientffic contents of this work, in addition to the above described 
map, are as follows : 

(1) The geographic position and bounds of the State. 

(2) A description of the topographic features of the country. 

(3) Its general botanic and zodlogic features. 

(4) Its mineral products. 

(5) BibUography of writings on Texas. 

(6) Stratigraphic features of the State, including descriptions of the following 
formations: The diluvial and aUnvial (Quaternary), the Tertiary strata, the Creta- 
ceous strata, the older or Paleozoic strata, the Azoic ^ strata. 

(7) The first contribution to the paleontology of Texas, consisting of descriptions 
(not figured) of the following faunas that he studied, many species of which were en- 
tirely new to science : The fossils of the Cretaceous and the fossils of the Carbonifer- 
ous and Silurian strata on the San Saba River. 

(8) A description by Rev. Adolph Scheele of the plants of Texas collected by Dr. 
Roemer. 

(9) A zodlogic description of the region, giving many descriptions and localities of 
the radiata, articulata, moUusca, and vertebrata. 

Although Mr. Kennedy had previously alluded to many of the facts 
here set forth, Dr. Eoemer deserves the credit of developing and pre- 
senting them to the world; for, as he said at the time this publication 
was made, he had been unable to find a single European or American 
publication on the peculiar features or distribution of the geologic 
formations of Texas.^ The explorations of Dr. Eoemer in the western 
portion of the State were limited by the fact that those formations 
whose exploration would yield the most interesting geologic results 
begin where the settlements left off and where were located the hunting 
grounds of murderous Indian tribes.^ So important were the geologic 
observations of Dr. Eoemer, as announced in this volume (and a few 
scattering magazine articles the year before), and so minutely do they 
bear upon the subsequent pages of this account that it is thought de- 
sirable to give a brief resume of the work. 

(1) He outlined and discussed the age and stratigraphic conditions 
of the alluvial and Quaternary deposits as now generally accepted and 
noted the finding of fossil vertebrates* in many localities. He also noted 
the fossil exogenous woods which they contained, lamenting that their 
proper horizon was not known. Their occurrence wijh flint nodules in 
the detritus of the Tertiary strata he thought an indication of their Cre- 

^ Not so considered now. 

» Texas, p. 865. 

8Ibid.,p.366. 

* Previously noted by Wm. M. Carpenter. See Am. Jour. Sci., 2d ser., Vol. I, p. 244. 
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taceous origin. He expresses the opinion that this ^^ diluvial and allu- 
vial" formation is composed by the sedimentation from the erosion 
going on in the western portion of the State. 

(2) He first described the occurrence of the Eocene in Texas, at Whee- 
lock, Caldwell County, where he found Pleurotoma^ Fusus, Turritella, 
Cerithiumy Natica^ Bullae Bentallum, Cardita, Corbulay Nucula, &c., and 
justly concluded that they were identical with those of the formation at 
Fort Claiborne, Alabama. " It is hardly to be believed," he correctly 
says,* "that this Tertiary formation is limited only to this point on the 
Brazos in Telas, but most probably it is part of a continuous band, as 
is the case in Mississippi and Alabama, extending along the foot of the 
Cretaceous, and only the detritus of the later alluvial formations pre- 
vents its exposure in most places." 

(3) He outlined and described the Cretaceous formation of Texas.^ 
" Of all the formations," said he,^ " either eruptive or stratified, the 
Cretaceous formation plays by far the most important part in the geo- 
logic features of Texas." 

(4) He first noted the absence of the Jurassic and the probable ab- 
sence of the Triassic* formation from the geologic series in Texas. 

(5) He first described the stratigraphic relations and the organic in- 
closures of the Paleozoic rocks between the Pedemales and San Saba 
Rivers, upon the right bank of the Colorado. This peculiar, isolated 
outcrop of Paleozoic strata (Potsdam of Walcott), upon the position 
and relations of which Mr. C. D. Walcott has lately thrown so much light, 
was well described by Dr. Eoemer, considering the state of geologic 
knowledge at that time. He also noted its resemblance to a certain iso • 
lated patch of what he considered similar rocks in Missouri. 

Of these rocks : 

(a) He first recognized the Carboniferous formation, not by any lith- 
ologic peculiarity, but by its undoubted, characteristic fauna, including 
Orthis umbiculatum von Buch and Spirifera crenistriata Sowerby. This 
outcrop was the most southern exposure of the Carboniferous in Texas 
and Dr. Koemer was unable to explore it farther north.^ 

(h) He first noted the absence of the Devonian in Texas, but erro- 
neously concluded that this formation does not extend west of the Missis- 
sippi.^ 

(c) He described an impure, fragmentary, semicrystalline limestone 
north of the Llano River, in horizontal or hardly disturbed strata, full 

1 Texas, p. 372. 

*For details, see p. 71. 

3 Texas, p. 373. 

* Dr. Roemer's oblervatioDs did not extend westward to that portion of Texas 
now said by some disputants to bo Jnra-Trias. 

•Innumerable allusions to *' coal" are found in popular works, but most of these 
undoubtedly refer to the widely disseminated true lignite of the Cretaceous and Ter- 
tiary, which is very abundant in this portion of Texas. 

6 Texas, p. 389. 
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oforgaiiic remains, mostly trilobites, only one OrtAis in addition to these 
having been observed. 

Dr. iloemer observed the same strata some forty miles distant and 
described several additional organic forms, inclnding the new species 
Pterooepkalia 8ancti Sabee Boemer. This he concladed' was Lower Sila- 
rian. Ke foand at another place a stratum which lie also considered 
Lower Silurian, and which he described as consisting of a firm, white, 
silicious limestone containing Euomphalus Sancti Sabw Roemer. 

[d] He described the character of the older crystalline rocks that un- 
derlie the Silurian (Cambrian) strata. 

Br. lioemer's celebrated monograph (Die Ereidebildaugen von Texas 
undihre organ! schen Einschliisse) was an elucidation of thefacts ho had 
already given in his Texas. Its chief additional points are the figures 
of Texas fossils and the careful, accurate descriptions of the same, as 
well as the more detailed account of the Texas Cretaceous. The author 
alluded to his descriptions in the work entitled Texas as being merely 
diagnoses, although they far excel in accuracy and fullness many of the 
descriptions since published by early American paleontologists. This 
work is one of the most complete and satisfactory of the early contri- 
butions to the geology of the United States, and, although printed in 
1852,^ it still remains the only monograph devoted entirely to the geol- 
ogy of Texas. 



U. S.' MILITARY RECONNAISSANCES AND EXPLORATIONS. 
Frincipal milttary reeoiitiaiaiance* and eiploraliona in Texas conducted bi/ the United Slates 

'J Tliii i 6 i 






LiBnt J. W. Abert 

LieatB. Bryan, UlcUer, Smith, i 

Whiting and Capt. FTeDch. .. 

CaptlLRMBrey 

Biplomtlan oF Sed 'River (Capt. 

It-B.MaMj) - 

FadftD Ilailioiut annoya. IblTt.r- 

flfth paiallel (Llentanaut WUp- 

ptB) 

Thtrtf-iecond parallel (Capt. J. 



n material colleoted from 1845 to 1647. 



Hnx.] GOVERNMENT EXPEDITIONS. 19 

Oar Government has always exhibited commendable enterprise in 
the exploration of its own territory. President Jefferson inaugurated 
this wise policy during his first administration by sending Lewis and 
Clarke upon their memorable expedition to the Korth west. Had the 
State of Texas shared the benefits of the first half of the century that 
were enjoyed by the States already in the American TTnioUy its geologic 
and topographic features would now be much better understood. M"ot- 
withstanding that Texas was then part of another country, early United 
States explorations several times traversed its territory, as recorded in 
the works mentioned below.^ 

In 1806 Major Pike was ordered to ascend the Arkansas Biver to 
its source, thence to strike across the country to the head of Bed 
Biver, and then descend that stream to Katchitoches. By mistake he 
descended the Bio Grande. He was captured by the Spanish authori- 
ties, who sent him home under escort, by way of Chihuahua, El Paso, 
San Antonio, and the Sabine. His work was of much geographic value 
concerning the Upper Arkansas region, but added little of value to 
scientific information concerning Texas. It failed in its original object, 
to discover the sources of the Bed Biver. 

• The next year (1807) Lieutenant Freeman and party were sent out 
by President Jefferson to explore the Bed Biver to its sources, but they 
were arrested near the eastern border of the present Panhandle of 
Texas and returned to the United States. The Spanish government, 
alarmed by these explorations, strengthened its fortifications on the east- 
ern border of Texas to keep out all intruders. 

The next Government expedition to penetrate Texan territory was 
the one conducted by Major Long, in 1819-'20. On his return from the 
Upper Arkansas he traveled several hundred miles down the Canadian, 
under the supposition that it was the Bed Biver. A report of his jour- 
ney was published.* This contained an interesting geographic descrip- 
tion of the country, with some geologic facts. Although the Canadian 
region naturally belongs with the Indian Territory, political boundaries 
have included a portion of it in Texan territory, and hence to Major 
Long's description of it belongs the credit of being the first practical 

* ThraU's History of Texas, p. 24. 

Exploration of tho Red River of Louisiana, by R, B. Marcy, &c., p. 3. 

An account of expeditions to the sources of tho Mississippi, and through the west- 
em parts of Louisiana, to the sources ef the Arkansaw, Kans, La Platte, and Pierre 
Jaun Rivers; performed by order of the Government of the United States during 
the years 1805, 1806, and 1807. And a tour through the interior parts of New Spain, 
when conducted through these provinces, by order of the captain-general, in tho 
year 1807. By Maj. 3tM. Pike. Illustrated by maps and charts. Philadelphia, 1810* 
8o, pp. 7, 277; 4, 67, 55, 87, 1 portrait, 6 maps. 

^Account of an expedition from Pittsburgh to the Rocky Mountains, performed in 
the years 1819 and '20, by order of the Hon. J. C. Calhoun, Secretary of War : under 
the command of Major Stephen H. Long. From the notes of Major Long, Mr. T. Say, 
and other gentlemen of the exploring party. Compiled by Edwin James^ botQA^s^t^ 
and geologist for the expedition. 2 vols. PhlladeVp\i\a) l^*^* ^^ « 

(397) 



i 



20 PRESENT KNOWLEDGE OF GEOLOGY OP TEXAS. [bull. 46. 

contribution to geologic knowledge of Texas by the Government ex- 
plorations. 

Lieut. J. W. Abert, while returning from New Mexico in 1845, also 
descended the Canadian liiver.through the northern portion of the Pan- 
handle of Texas. His itinerary and the accompanying illustrations 
throw some light upon the physical features of the region, but convey 
little accurate geologic information.^ 

In 1840-'41 a joint commissiou, representing the United States and 
the Republic of Texas, ran the Louisiana-Texas boundary. The Jour- 
nal of the Joint Commission affords no geologic information, although 
a few ipacts may be inferred from the meager topographic data. This 
exploration was exceptional in a period of reconnaissances.^ 

Government explorations were inaugurated in Texas soon after the 
annexation of that Eepublic and the subsidence of excitement incident 
to the war with Mexico which followed. 

By the articles of annexation (1845) it was stipulated that the United 
States Government should protect the people of Texas from the Indians 
upon their western and northern borders. The settlements at that time 
did not extend beyond the eastern third of ^Northern Texas and the city 
of San Antonio in the south. One of the first acts of the United States 
Government was to establish a chain of forts from Fort Washita, Ar- 
kansas (now Indian Territory), on the Eed River, to near the present site 
of Fort Duncan, near Eagle Pass, on the Rio Grande,^ including Fort 
Worth (now the prosperous city of the same name) ; Fort Graham, on 
the Brazos, in Hill County, Fort Martin Scott, near the present town 
of Fredericksburg; Fort Croghan,* on the Colorado; and Fort Lincoln, 
on the Rio Seco, in the southwest corner of Medina County. This chain 
of fortifications became the base of a series of military explorations in 
Western Texas that added greatly to the fund of knowledge concern- 
ing that region. 

The work accomplished was of two kinds, each of which was of some 
definite value to geologic knowledge. The first was work of reconnais- 
sance for the. purpose of obtaining an idea of the general topography of 
the country in order to facilitate military operations. The second com- 
prised detailed surveys for purposes other than military, embracing the 
great surveys for the exploration of the railway routes to the Pacific, the 
exploration of the Red River of Louisiana, the United States and Mexi- 
can boundary survey, and an experiment in digging artesian wells on the 

* Report of an expedition, by Lient. J. W. Abert, on the Upper Arkansas and 
throagh the country of the Comanche Indians^ in 1845. Twenty-ninth Congress, 
first session, Senate Document 438. Washington, 1846. 

^ Twenty-seventh Congress, second session, Senate Document 199, pp. 54-^7, with 
maps. 

3 The northeast and southwest line of this chain of forts almost coincides with the 
eastern boundary of the true Texas Cretaceous area. 

^Abandoned. 
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plaius. All tliese expeditious were conducted by officers of the regular 
Army, frequently accompanied by scientific specialists. 

The greater part of the reports of these expeditions were published, 
the first in 1850,^ though some of them can only be found in manuscript 
in the archives of the War Department at Washington,* including all 
preceding 1849. 

The character of the published reports was of every degree of value, 
varying in length from brief communications of only a page or two to 
large sets of octavo volumes replete with original matter.^ 

RECONNAISSANCES. 

At the close of the Mexican war very little was known of Texas west 
of the line of fortifications erected in 1846-'47. Not the source of a 
single river heading in the great plains was definitely known and noth- 
ing whatever of the geology of that territory had been revealed. 

The first military reconnaissance was that undertaken by Lieut. 
William F. Smith,* February, 1849, for the purpose of reconnoitering a 
wagon road from San Antonio to El Paso, a distance of 632 miles. His 
brief report is very general in its character, but gives many hints con- 
cerning the topographic features of the country. It contains no di- 
rect contribution to geologic knowledge. 

The next expedition was conducted by Lieut. N. Michler, jr.,^ and 
had for its object the reconnaissance of a military road from Corpus 
Ghristi to the military post on the Leona. His report contains numer- 
ous descriptions of the topographic features of the region traversed. 
Although its character is purely that of preliminary reconnaissance 
and its scientific allusions are vague and incidental, the report still re- 
mains one of the best descriptions of that portion of the country. 

The next exploration of 1849 was that reported upon by Lieut. William 
H. C. Whiting.^ The object of the undertaking can be best understood 
by the following extract from the original orders under which he acted:' 

It being very important that a military reconnaissance should be made of the west- 
ern frontier of Texas, indicated by the chain of posts now established, commencing 
at the Eio Seco and terminating on the Red Kivcr at the month of the False Washitai 
yon have been selected for that duty. You will be pleased to embrace in your report 
the general character of the conntry, the roads to bo constructed between the posts, 
timber and stone for quarters, fuel and water, and the healthfnlness of the country. 

* Senate Ex. Doc. No. 64, Thirty -first Congress, first session, 1850. Reports of the 
Secretary of War. This contains reconnaissances in Texas and adjacent regions by 
sundry officers in 1849. 

* For a complete map of Government explorations, see Progress Map of the United 
States Geographical Surveys West of the One Hundredth Meridian, 1882. 

3 Reports of the United States and Mexican Boundary Survey, 4^, 3 vols. ; Pacific 
Railway Reports, 4°, 12 vols., &c. 

* Senate Ex. Doc. No. 64, Thirty-first Congress, first session, 1850. Report of the 
Secretary of War, p. 6. 

* Ibid., p. 7. 
«Ibid., pp. 235-250. 
abid., p. 236. 
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• 

Lieutenant Whiting's report, made in accordance with the foregoing 
instructions, is by far the most intelligent and comprehensive of the 
military reports of that year. While keeping the main object of the 
journey in view, he does not lose an opportunity to interpolate observa- 
tions upon the geology of the region. His report, of only thirteen 
pp^ges, is the best yet made of the country traversed, although its con- 
tribution to scientific knowledge is small. 

A most important contribution to the topograph}^ of the region be- 
tween El Paso and Fort Washita was made by Capt. Randolph B. 
Marcy upon his journey eastward from Santa Fe to Fort Smith. • His 
route intercepted the headwaters of the rivers that rise along the east- 
ern borders of the Staked Plains and was subsequently visited by the 
Pacific Eailroad surveys. His report includes the first printed descrip- 
tion of the region, which will be treated somewhat at length in subse- 
quent pd*ges. 

This journey, the first of a series made by Captain Marcy in that 
region, furnishes the greater portion of our knowledge concerning it. 
The publications of his observations consist of a large map, showing 
the routes traversed by him during the years 1849, 1850, and 1851, and 
his report upon the exploration of the Red River of Louisiana, the latter 
belonging to the work of exploration, more fully noted hereafter. 

Meanwhile Lieut. W. F. Smith, who had completed his reconnais- 
sance of the country between San Antonio and El Paso, was detailed 
to explore the Sacramento Mountains west of the Pecos River. His 
report of the work is only two printed pages, but, comparatively, is a 
valuable contribution to the topography of the region, about which so 
little is yet known. 

Lieut. Francis K. Bryan conducted another expedition in this year. 
His object was to survey a road from San Antonio to El Paso. His 
published itinerary of the forty-six days occupied in performing the 
journey contains much general Information concerning the country 
traversed. 

Another contribution to the geography and topography of Texas was 
made by Lieutenant Michler in the year 1849, He followed Captain 
Marcy's trail from Fort Washita to the Pecos River. Upon arriving at 
the Pecos he turned eastward to San Antonio. His printed report was 
of a general character. 

Other reconnaissances were made during the succeeding years, but 
little has been published concerning them except what is embodied in 
the reports of the more detailed explorations. 

EXPLORATIONS. 

The work of the Government expeditions hitherto made, although 
often securing valuable data, was purely that of hasty military recon- 
naissances j but we shall see that the national authorities commenced 
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a series of more deliberate expeditions, usually accompanied by scien- 
tific specialists, beginning with Captain Marcy's exploration of the 
Red River of Louisiana in the year 1852 and continuing until the-com- 
pletion of the United States and Mexican boundary survey in 1855, 
and including some minor work extending to the year 1858. Thirty- 
five years ago little was known of Texas west of the one hundredth 
meridian 5 even the headwaters of Red River had not been explored ; 
to-day little is known of this region, and no map exists containing 
more than an approximation to its topography. 

EXPLORATION OP THE RED RIVER OF LOUISIANA. 

In 1852 Captain Marcy was ordered to explore Red River to its source. 
Upon his return he published a report' of the exi)edition, which con- 
tains the first geologic contribution of value for that part of the State. 
From this report is compiled the following rdsumd of the work accom- 
plished by the exploration and its scientific corps : 

(1) Barometric and astronomic observations were made by Lieut. 
George B. McGlellan. Although these were oftentimes incorrect,^ they 
constituted a definite contribution to the altitude of that region. 

(2) A practical geologist, Dr. G. G. Shumard, accompanied the ex- 
pedition and made many notes of value, communicating to the world 
through his own report and the reports of others upon his collections 
many facts concerning the local geology. His work will be further 
noticed in this paper. 

(3) The source and the confluents of Red River were delineated upon 
the map. 

(4) Gollections of botanic and zoologic specimens of great value were 
made, upon which many publications were afterwards based. 

The strictly geologic work accomplished by this expedition was as 
follows : 

(1) Dr. George G. Shumard, the accompanying geologist, gives a brief 
description of the country from Fort Smith, Arkansas, westward, by 
the way of Fort Washita (ten miles north of the present citj'^ of Denison, 
Tex.) and Fort Belknap, Texas, to the headwaters of Red River. His' 
paper contains the first descriptions of the Coal Measures (Carbonifer- 
ous) of the Indian Territory and Central Texas; many sections of the 
gypsum bearing region, commonly called the Jara-Trias or Red beds, 
and the best we now possess of them; descriptions of the Wichita Mount- 
ains, composed of granitic rock, which are still but little understood 5 
and interesting data concerning the Cretaceous strata of that region. 

1 Exploration of the Red River of Louisiana, in the year 1852, by Randolph B. 
"Marcy, captain Fifth Infantry, U. S. Army, assisted by George B. McClellan, brevet 
captain U. S. Engineers ; with reports on the natural history of the country and 
numerous illustrations. Washington, 1854. 

2 Lieutenant McClellan located the one hundredth meridian nearly 70 mUea e8«t <s;C 
its true position, an error which has caused conaideta\Aftm\ftTxx^^cw^i!Wi^v£i^ ^o^^^wv- 
ing" the boundary of Texas. 
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It is to him that wo owe the first presentation of these strata as they 
occur at Fort Washita and southward from that place in Texas. 

(2) A valuable contribution to the mineralogy of the region, by Dr. 
Edward Hitchcock, of Amherst. His paper treats of the vast gypsum 
deposits and the economic and scientific value of that mineral as it oc- 
curs in Texas. 

(3) Descriptions of the Carboniferous and Cretaceous fossils collected, 
with figures. This, the paleontologic portion of the work, was the first 
contribution by Dr. Benjamin F. Shumard to the geology of Texas. 
The figures are very poorly executed and it is doubtful whether their 
publication has been of value. 

(4) A valuable map of the region, by Captain Marcy, accompanies 
the report. It contains the results of observations during many years 
of that officer's travels in this region. 

UNITED STATES AND MEXICAN BOUNDARY SURVEY. 

While' Captain Marcy was exploring the northern portion of the 
State, another expedition was in progress upon a much larger scale 
along the southern boundary. This was the United States and Mexi- 
can boundary survey of 1848-1855. It is well to bear in mind the im- 
mense size of the State of Texas and to remember that Marcy's inves- 
tigations were in the northwestern portion and Eoemer's in the south- 
eastern central, the United States and Mexican boundary survey being 
confined to the southern region. 

The work of this survey in Texas commenced in the year 1853, under 
Major W. H. Emory, and the field work continued through the year 
1854. In 1857 the report ^ of the survey was published. This is of in- 
estimable value to science. It contains the first geologic descriptions 
of the great region drained by the Eio Grande. In fact, the three large 
quarto volumes of this report, except a few magazine articles, still form 
almost the sum total of the literature of that section. 

The report embraces papers upon the geology of the route by Messrs. 
Arthur Schott, James Hall, and T. A. Conrad. Messrs. Hall and Con- 
rad had not seen the region, but made vague and general deductions 
from reports and from specimens collected by members of the party. 
Mr. Schott's descriptions are clear and accurate so far as I have ob- 
served. Mr. Conrad's paleontologic descriptions were too often based 
upon material that modern paleontologists would not consider trust- 
worthy evidence of new species. In several instances the localities he 
gives in the publication disagree with the ones marked by the collector, 
Mr. Schott, upon the specimens now in the collections of the J^ational 
Museum. 



^ Koport oa the Uuited States and Mexican boundary sarvey, made under the 
direction of the Secretary of the Interior, by WiUiam H. Emory, major First Cav- 
alry and United States commissioner. Vol. I. Washington, 1857. 
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Dr. C. C. Parry, wko wrote the paper iu Major Eoiory-s report upon 
the geology of the upper portion of the Bio Grande, states that the 
portion of the river from seventy miles below El Paso to Presidio del 
Norte did not come under his personal observation.^ 

These tacts are given not to disparage the work, which, as already 
said, is by far the best contribution to the geology of the Bio Grande 
from El Paso to its mouth, but to show how infinitesimal is our knowl- 
edge of the region of which these small geologic reports are as yet our 
only authority, a section of country, following the general course of 
the stream, over twelve hundred miles in length. 

The astronomic and topographic determinations of this survey were 
also very valuable and in general it is the most important and accu- 
rate addition to the cartography of Texas that has yet been made. 

PACIFIC RAILROAD SURVEYS. 

Another Government undertaking that followed dosely upon Cap- 
tain Marcy's exploration of Bed Biver, and that was inaugurated while 
Major Emory's work upon the Bio Grande was still in progress, was the 
series of surveys across the region lying between the Mississippi Biver 
and the Pacific Ocean, commenced in the year 1853. Two of the lines 
crossed portions of the State of Texas. 

The first of these surveys wa« conducted by Lieut. A. W. Whipple 
in 1852 and 1853 and is generally known as the thirty-fifth parallel 
survey. 

The thirty-fifth parallel survey. — ^This survey traversed that extreme 
northwestern portion of the State locally designated as the Panhandle 
^all of Texas north of Bed Biver and west of the one hundredth meridian), 
a region differing much in its physical aspects from the remainder of the 
State. The line traveled was approximately that of the Canadian Biver, 
and the results were a fair geographic section of the region and a con- 
tribution to the scientific knowledge of the Indian Territory, whereby 
some light was thrown upon the northern extension of the Texas for- 
mations. 

Lieutenant Whipple, besides having a well equipped corps of topo- 
graphic engineers, was accompanied by Mr. Jules Marcou, who as geolo- 
gist took careful notes and collected many specimens. Uis observa- 
tions were valuable, but his dei^nctions involved American geologists 
of the time in a discussion that has not been settled to this day ; for, 
while Mr. Marcou was said to be wrong in certain of his conclusions 
concerning the so-called Jurassic age of what is now generally accepted 
Cretaceous, he still possessed the advantage over his antagonists of 
being the only one who had visited the field. It is often a question in 
my mind whether Mr. Marcou's terms Jurassic and Neocomian, which 
he applied to the Cretaceous of Western Texas, are not much nearer 
the truth than those of the writers who make that portion of the Texas 

> Report on the United States and Mexican Booiidary Snrvey, Vol. T, Part II) p. 49. 
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Cretaceous the equivalent of the upper members of the European series. 
He was one of the first practical geologists to visit this northwestern 
section of Texas. His observations were limited to that small portion 
of the State traversed by the Canadian Eiver, but they constitute the 
chief data concerning the region to which they pertain. It is much to 
be regretted that their usefulness was impaired by the misunderstand- 
ing that ensued between him and the Secretary of War. Before Mr. 
Mar ecu could write a final and complete report his notes were peremp- 
torily demanded as he was departing for Europe, and later they were 
intrusted to Mr. W. P. Blake to write out. He published Mr. Marcou's 
field notes in full, although he failed in that interpretation which could 
have been made only by Mr. Marcou, and gave the world an opportunity 
to make its own'deductions. 

The results^ of the thirty-fifth parallel survey, although presenting 
many imperfections and marred by this unfortunate occurrence, were 
upon the whole a great addition to our knowledge of the Indian Terri- 
tory and Northwest Texas regions. 

The thirty-second parallel survey. — Another survey across the State 
of TlBxas for the purpose of finding a suitable railway route to the Pa- 
cific was that conducted by Capt. John Pope along the thirty-second 
parallel in 1853. Practically the route was the same as the one traveled 
by Captain Marcy upon his return from Kew Mexico, in 1848, a descrip- 
tion of which has already been given (p. 24). The work of this explor- 
ing expedition, so far as it pertained to Texas, commenced at El Paso, 
in the western portion of the State, and progressed eastward. It ap- 
proximately followed the thirty-second parallel to near the mouth of Dela-w 
ware Creek, and thence passed slightly north of eastward to Preston, 
on Bed Eiver, a few miles northwest of the site of the city of Denison. 
It crossed, en route, the Paleozoic strata of the trans-Pecos region, the 
Jura-Trias or gypsum bearing series, the typical Texas Cretaceous, the 
Central Texas Coal Measures, the two belts of the cross timbers, and 
the Cretaceous to the east of the central Carboniferous exposures. The 
astronomic, topographic, and barometric measurements were important, 
but the geologic results were impaired by the fact that no trained geol- 
ogist accompanied the expedition. The notes of tbe oflficers and the 
specimens gathered under Mr. Marcou's direction, however, were turned 
over to him by Captain Pope, and ho wrote a brief general preliminary 
report upon them.^ 

^ Reports of explorations and surveys to ascertain the most practicable and econom- 
ical route for a railroad from the Mississippi River to the Pacific Ocean , made under 
the direction of the Secretary of War in 1853-'54,- 55, according to the acts of Conpjress 
of March 3, 1853, May 31, 1854, and August 5, 1854. Volume III. Washington, 185G. 
2 Report of Secretary of. War. House Document 129, Vol. 4, Chap. XIII, pp. 125-128. 
Geological notes of a survey of the country comprised between Preston, Red River, 
and El Paso, Rio Grande del Norte, in Report of Exploration of a Route for the Pacific 
HaihroBd near the Thirty-second Parallel of Latitude, from the Red River to the Rio 
Oraade, By Bvt, Capt, John Pope, Corps of Topograp\i\ca\ "Exig.Vaaftica, \^o^. 
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The notes and specimens of this expedition were taken from Mr. 
Marcoii, together with those of the thirty-fifth parallel survey, and 
hence he was debarred from the privilege of writing the flnal report for 
the large quarto volumes that subsequently appeared.^ These contained 
a written report by Mr. W. P. Blake, which gave little additional knowl- 
edge. 

ARTESIAN WELL EXPERIMENT. 

The last exploration in Texas coaducted by military officers under 
specific Government appropriations was that for the purpose of boring 
artesian wells upon the plains, conducted by Capt. John Pope, in 1857 
and 1858.2 r^his experiment yielded important geologic information, for 
accon^panyiug the expedition as geologist was Dr. George G. Shumard, 
who collected much material and wrote an article on the local geology,^ 
adding much to our knowledge of the trans-Pecos region, showing the 
existence of the Carboniferous, the Cretaceous, and the gypsum bearing 
Mesozoics in that part of the State. 

During this expedition Dr. G. G. Shumard collected the material that 
formed the ground work of Dr. B. F. Shumard's article upon *'New 
fossils from the Permian strata of New Mexico and Texas.'' This 
paper first announced the existence of Permian strata in Texas.* 

This work practically ended United States explorations in Texas for 
the time. The State then exhibited a keen desire to explore its own 
geologic resources. In a few years the civil war drew the energies of 
our military forces to a more serious field and the posts along the Texas 
frontier were evacuated, and until the inauguration of work by the 
United States Geological Survey in the State no further contributions 
were made by United States explorers. 

GEOLOGIC SURVEYS COI^DUCTED BY THE STATE. 

For the information contained in the following pages I am indebted 
to various persons. Much of it has been compiledfrom the official reports 



^ Reports of explorations aud surveys to ascertain the most practicable and eco- 
nomical rente for a railroad from the Mississippi River to the Pacific Ocean. Made 
under the direction of the Secretary of War, in 1853-'54, according to acts of Congress 
of March :\ 1853, May 31, 1854, and August 5, 1854. Vol. II. Washington, 1855. 

2 Artesian well experiment. Reports of Capt. John Pope, Top. Eng., to Capt. A. A. 
Humphreys, Top. Eng., in charge of office of Exploration and Survey, War Depart- 
ment. To be found in Senate Ex. Doc, Thirty-fifth Congress, second session, 1858-*59, 
Vol. 2 (which is Report of the Secretary of War, J. B. Floyd, first part), pp. 582, 590- 
608. 

3 Trans. Acad. Sci. St. Louis, Vol. I. 

* Still little understood, but now considered either Permian or uppermost Carbon- 
iferous, being the latest of the latter age. 
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of the several State geologists. A greater i>ortion, bowever, has been 
kindly furnished by those familiar with the facts presented.^ 

The burning of the archives by the capitol fire in 1881 has deprived 
me of what under ordinary circumstances would be the most useful 
source of information. 

To some it is a matter of surprise that the State of Texas has not made 
a thorough geologic survey of its territory, especially since the State has 
always been comparatively free from financial embarrassment and owns 
the public lands within its borders, the value of which could not but 
have been enhanced by a scientific knowledge of their characteristics. 
A thorough study of the political history of the State will show, how- 
ever, that a combination of untoward circumstances ha« invariably 
thwarted the effect of enactments looking toward such a survey. « 

Up to the time when the Anglo-American population extricated Texas 
from the Spanish-Mexican regime (1835) it had been under the non-pro- 
gressive rule of the Middle Ages. The other States of the Union had 
previously attained a permanent form of government, allowing the pub- 
lic mind to follow intellectual and scientific pursuits with ihe greatest 
impetus during the first third of the nineteenth century. Amidst the 
throes of political organization scientific interests always flag. Time is 
required for the establishment of a stable government. While under- 
going its political evolution, Texas had two wars with Mexico and a 
continual fight with hostile savages. Twenty years from the date of its 
separation from Mexican domination seems but a short period for the 
establishment of a geologic survey. 

But a still greater obstacle to an early thorough survey of its domains 
was the fact that the population, even until the last decade, was con- 
fined to the eastern third of the State, and that until a dozen years ago 
the hostility of the Indians made observation in the vast unsettled re- 
gion exceedingly dangerous. In 1849 Dr. Eoemer said that Texas be- 
came interesting geologically at the points where civilization left off 
and where exploration was almost impossible. His remarks would have 
been equally applicable thirty years later. 

Notwithstanding these obstacles, the State of Texas did establish by 
legislative enactment and appropriation what was intended to be a 
thorough topographic and geologic survey of its domains. This honor- 
able design was defeated by the civil war and the petty jealousies of 
the scientific men to whom the State had intrusted the labor. The State 
made two earnest endeavors to secure a geologic survey of its domain 
and that such a survey has not been made is not due to its indifference. 

Before describing these surveys and their results, it will be well to 
mention briefly the Texas land office, an institution whose functions 
have a distant connection with scientific results. 

»I am especially iadebtod to Prof. G. C. Broadhead, of Pleasant Hill, Mo.; Mr. 
Friench Simpson, of Colambus, Tex. ; Hon. A. D. Norton, of Dallas, Tex.; Mr. C. 
jff: Zee, of Colorado, Tex. ; Hon. J. G. Tracey, of Hoaston, Tex., and Mr. N. A. Tay- 
JoTj of Abilene, Tex. 
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THE TEXAS LAND OFFICE. 

The Eepablic of Texas, having in its possession a large unsettled do- 
main, found it necessary, as one of the first acts of its existence, to 
establish some method of administering the duties incident to the sur- 
vey and the disposition of the land. By act of December 23, 1836, a 
land office was opened at the capital in February, 1838, under the control 
of a salaried commissioner. 

The functions of this office were to preserve a record of surveys, to 
issue warrants for land, and to prevent error or fraud in their location. 
The Republic of Texas followed the Spanish method of granting lands,^ 
by which the State incurred no expense of survey in their location. In- 
stead of making topographic surveys of the public lands and divid- 
ing them according to the township system of the United States land 
surveys, the State issued scrip for a designated number of acres to bo 
located upon any portion of the territory found vacant. The person 
locating the land employed a surveyor (oftentimes of inadequate skill), 
who ran the lines of the location and sent in field notes of his survey to 
Austin. By this method the State obtained very unsatisfactory infor- 
mation of these surveys. By the township, system, on the other hand, 
at least a correct map of the main topographic features would have 
been secured. The land office of the State published several maps of 
Texas, but they were chargeable with incorrectness. Dr. B. F. Shumard 
said : " The maps in the land office at Austin are more or less imper- 
fect and the surveys in some instances exceedingly erroneous;"^ yet 
these maps were the only contributions of the State land office to a 
scientific knowledge of Texas. Their value is of a doubtful if not of a 
negative character. The commissioners have made regular rei)orts to 
each legislative body. A few of these have been printed, but they 
contain nothing of scientific value. The whole series of reports can be 
found only in the land office at Atistin. t 

FIRST aEOLOaiCAL SURVEY (SHUMARD). 

By act of the 10th or February, 1858, the legislature of the State of 
Texas authorized a geological and agricultural survey of the State. 
It was made the duty of the State geologist to make as speedily as pos- 
sible " a thorough and complete geological survey of the State, so as 
to determine accurately the quality and characteristics of the soil and 
its adaptation to agricultural purposes 5 the species of produce to 
which the soil in different sections is adapted ; its mineral resources, 
their location and the best means for their development 5 its water 
powers, their location and capacities; and generally everything relating 
to the geological and agricultural character of the State.'^^ 

» See p. 12. 

2 First Report of Progress of the Geological and Agricultural Survey of Texas, by 
B. F, Shumard, State Geologist, pp. 8, 0. 
•Ubid., p. 5. 
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To fill the oflice of State geologist, which was created by the same 
act, Governor H. E. Eunnels, on the 28th day of August, 1858, ap- 
pointed Dr. Benjamin F. Shumard.* This gentleman's life of scientific 
training and his experience in geologic surveys gave him every qual- 
ification for the position.* 

Organization and equipment. — His first act^ was to select from the 
works of the best instrument makers a set of chemical and physical ap- 
paratus for the equipment of analytical laboratories at Austin and of 
meteorologic stations at one or two other points. Since the climato- 
logic and meteorologic conditions existing in the State of Texas are 
important factors in the geologic effects, the wisdom of Dr. Shumard^s 
endeavors to study these phenomena will be apparent. 

He organized his staff of assistants as follows : Assistant geologist, 
Dr. George G. Shumardj chemist and assistant geologist, Prof. W. 
P. Bidden ; topographer, Mr. A. R. Rocssler; meteorologists, Prof. 
Caleb G. Forshey, at Eutersville, and Swante Palm, esq., at Austin. 

The qualifications of all these gentlemen were considered the best for 
their day and time. Dr. George G. Shumard possessed the largest store 
of scientific information, especially concerning the western portion of 
the State, having accompanied Captains Marcy and Pope as a geologist 
in their numerous explorations. 

Professor Eiddell, besides being an able chemist, was especially well 
informed respecting the structure of the settled portion of the country'. 

Mr. Eoessler, although a young man, possessed a good scientific edu- 
cation, was a hard worker, and to him is due much of the accurate topo- 
graphic knowledge of the State we possess at the present day. 

The meteorologic stations were established in accordance with the 
plan adopted by the Smithsonian Institution. 

Field labors. — The geologic corps proper was divided into field par- 
ties, and in January, 1859, these entered upon their duties. The first 
of them, under Dr. Geor*o G. Shumard, constructed an accurate sec- 
tion of the country between Austin and the Eed Eiver in Grayson 
County. Dr. Shumard also made "thorough and final surveys'' of the 
counties of Grayson, Fannin, and Cass, and partial surveys of Bowie, 
Eed Eiver, and Lamar Counties. In addition to this work, he made a 

^ There is a tradition, witli some ground for belief, that Governor Runnels intended 
to appoint Dr. G. G. Shumard to the office of State geologist, but, by a clerical error, 
the name of his brother, Dr. B. F. Shumard, was inserted in the original commission. 
This being before the days of rapid communication it was impossible to remedy the 
^rror, and Dr. G. G. Shumard gracefully accepted the position of assistant State geolo- 
gist. 

* For a sketch of Dr. Shumard's qualifications, see Texas Almanac for 1859. 

' The following account of the operations of the survey is principally based upon 
the First Report of Progress of the Geological and Agricultural Survey of Texas, by B. 
F. Shumard, Austin, 1859. 
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careful exploration of Bed Biver from Cooke Goanty to the Loaisiana 
boundary.* 

Professor Biddell made final surveys of the counties of Oaldwell and 
Guadalupe, south of Austin, the State capital, and of McLennan and 
Coryell, near the geo^aphic center of the State ; also of the greater 
part of Bosque County. 

Dr. Benjamin F. Shumard, the head of the survey, made detailed 
surveys of Burnet and Bush and partial surveys of l?ravis, Bastrop, 
Washington, Fayette, and Young Counties. He also made a series of 
reconnaissances. Dr. Shumard in his report^ said : 

It will be seen that besides a general survey extending over a large portion of the 
eastern and middle portions of the State, wo have made minute and final surveys of 
eleven counties. Two are nearly finished and a number partially surveyed. 

Methods of survey. — ^From the report cited we extract the following: 

In making these preliminary surveys careful sections of the strata have been made at 
all points of outcrop within reasonable distances of the route traveled, and the thick- 
ness, stratigraphical order, dip, and mineral and fossil characters of the various beds 
have been determined with as much precision as possible. * * * In some counties 
sections of the strata have been measured at more than one hundred and fifty localities* 
« « # y^Q made frequent barometrical observations to ascertain the elevation of the 
country above tide- water, and much attention has been directed to obtaining a correct 
knowledge of the topographical features. 

We have also determined, with as much accuracy as possible, the amount and quality 
of timber in each county, proportion of timber and prairie, elevation of hills, depth 
and width of valleys, and the amount of available water power furnished by the 
streams. 

A large share of attention has also been devoted to the agricultural capabilities 
of these counties. The different varieties of soils and subsoils have been carefully 
examined, numerous specimens have been collected for future study and analysis, and 
we have spared no pains to ascertain the most advantageous methods of cultivating 
and improving them. 

Particular search has been made for minerals of economical importance, and all 
mines, whether of prospective or known value, have been examined with special care 
and the probable amount, richness, and quality of the ores determined. Samples of 
ores and their accompanying minerals, coals, limestones, marbles, clays, mineral 
waters, &c., have been collected, and are now deposited in the laboratory at Austin, 
for chemical analysis and final preservation in the State cabinet.^ 

* Since this work was prepared for the press the notes of Dr. G. G. Shumard have been 
collected and published by the State of Texas in a volume entitled '^A Partial Re- 
port of the Geology of Western Texas, consisting of a General Geological Report and 
a Journal of Geological Observations along the Routes traveled by the Expedition 
between Indianola, Tex., and the Valley of the Mimbres, Now Mexico, during the 
years 1855 and 1856 ; with an Appendix giving a detailed Report of the Geology of 
Grayson County. By Prof. George G. Shumard, assistant State geologist of Texas. 
Austin, State Printing Office, 1886." 8^, pp. vii, 145, with illustrations. 

« First Report of Progress of the Geological and Agricultural Survey of Texas, by B. 
F. Shumard, State geologist, p. 8. 

•Ibid., p. 8. 
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Of the fossils, Dr. Shamard romarked that the collection was ^^es- 
pecially large and valuable, and, it is believed, when carefally studied 
will throw considerable light on some disputed points of the geology 
of the West and Southwest." 

Maps. — On the subject of maps Dr. Shumard said: 

Oar county maps will embrace the areas occnpierl by the different geological forma- 
tions, localities of workable mines, ore deposits, coals, lignites, marble and stone qaar- 
ries, medicinal and other springs, furnaces, towns, post offices, churches, saw and grist 
mills, and boundaries of timber and prairie. This portion bf our labor has often been 
attended with considerable difficulty, arising from the fact that the maps in the land 
office at Austin are more or less imperfect and the surveys in some instances exceed- 
ingly erroneous. It has been sometimes almost impossible to locate our observations 
with that degree of minuteness and precision which was thought desirable, but we 
have spared no exertions to remedy defects, supply omissions, and to make our maps 
as complete as possible in their geographical as well as in their geological details. 

Such is a brief account of the first year's operation of the geological 
and agricultural survey of Texas, as stated by its director in his first 
annual report of progress. It is obvious that Dr. Shumard had accom- 
plished much during this brief time and that the plans of organization 
and operation were such as to result in the accomplishment of one of the 
most valuable State surveys, could they have been carried out. 

Operations of 1860. — After a brief winter's work in quarters at Aus- 
tin, the Survey resumed the field in 1860. The records of the year's 
work are meager, for a series of misfortunes occurred by whicli tlie re- 
sults of the survey, excepting a few fragments to be hereafter noted, 
were lost to science, and a blow was inflicted upon State encouragement 
of scientific investigations from which the State has not yet recovered. 

The personnel of the scientific corps remained unchanged, except that 
at the beginning of the year Dr. Shumard employed as a collector of 
plants a young man, S. B. Buckley, who became a prominent figure in 
the subsequent history of the surveys. 

From Mr. Buckley we have the only published account of the sur- 
vey's operations during the year,^ of which he speaks as follows : 

In January, 1860, I was also employed as an assistant by Dr. Shumard, I having 
charge of the botanical department, also making geological observations. 

In May, 1860, Drs. Shumard, RiddoU, and myself went, via San Antonio, to Corpus 
Christi, returning by the way of Goliad and Lockhart to Austin. About the Ist of 
June wo started for the survey of Navarro County, which was finished about the Ist of 
July ; then we removed, spending the month of July in the survey of Washington 
County. The month of August was emplQyed in the examination of Bastrop County. 
Thence returning to Austin, we went into San Saba, remaining there until November. 

Dr. George G. Shumard spent the summer in Northern Texas, in Grayson, Lamar, 
Fannin, and other counties on the Red River. He returned to Austin in September. 

During the summer Dr. B. F. Shumard had been a large portion of the time at 
Austin, leaving Dr. Riddell and myself in the field. At Austin he was closely watched 
by Governor Houston, who, being convinced that Dr. Shumard was not a suitable 
person for a State geologist, removed him about the Ist of November, 1860. 

1 First Annual Report of the Geological and Agricultural Survey of Texas, by S. B. 
Buckley, A. M., Ph. D., State geologist, Houston, 1874, p. 8. 
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On the same page fi^oni which the above is quoted and on the follow- 
ing one Dr. Backley shows very plainly the spirit in which he served his 
chief. He says : 

Returning in January, we found Dr. Shumard stiU at Austin, occupying his former 
room at the geological department. Dr. Moore thong;ht it rather strange that Shu- 
mard had not racated the office. In excuse. Dr. Shumard assured Dr. Moore that he 
would do nothing which would injure the interests of Dr. Moore, and that he only 
wished to arrange his husiness and start for the North. Thus assured, we started for 
Llano County, hut on our route Dr. Moore, thinking that all might not go right at Aus- 
tin, where the [secession] convention of 1861 was then in session, requested me to return 
and arrange specimens, and watch Dr. Shum&rd, with whom I was then on friendly 
terms. Soon after my arrival at Austin a friend informed me that Dr. Shumard was 
husily engaged in persuading the memhers of the convention to displace Dr. Moore 
and reinstate him in office again, and that, too, with every prospect of success. To 
thwart this, I drew up some charges against Dr. Shumard and placed them in the 
hands of Governor Houston, who showed them to some of the leading memhers of the 
convention, and nothing further was done in favor of Dr. Shumard, who soon after 
left for St. Louis, vowing vengeance, saying that he would hreak down my scientific 
reputation. 

Mr. Boessler says : 

Aside, however, from Mr. Buckley's own acknowledgment of his motive in draw- 
ing up these charges, he shows his maliciousness and willful intention, if possihle, to 
suppress the truth by neglecting to state that when these charges were presented the 
legislature of Texas, in its session of 1860-^61, appointed a committee for their investi- 
gation, of which Mr. Waelder was chairman. He also neglects to state that Dr. Shu- 
mard courted an investigation and voluntarily and promptly appeared before the 
committee appointed, and that the utter falseness of the charges was proved by such 
well known gentlemen as Professor Forshey, Senator Russell, and Colonel Timmons.^ 

A State election had occurred in the fall of 1859, and after much bit- 
terness >on both sides Governor Bnnnells, the democratic incumbent and 
the patron of the survey, was succeeded by Gen. Sam. Houston, inde- 
pendent, who, under the influence of political and personal effort brought 
to bear for that end, removed Dr. Shumard, after an administration of 
twenty-six months.* Dr. Shumard left the State at the outbreak of the 
war, during which most of his notes, collections, and maps were lost or 
destroyed, and made his home at St. Louis, where he died in 1869,^ hav- 
ing had no opportunity to publish anofi&cial report, but having contrib- 
uted to our knowledge of the geology of Texas by his fragmentary pub- 

' Reply to the charges made by S. B. Buckley, State geologist of Texas, in bis offi- 
cial report of 1874, against Dr. B. F. Shumard and A. R. Roessler, p. 7. 

3 Dr. Shumard was reinstated by the legislature, in April, 1861, to prepare his final 
report, which was never pablished. 

3 For the biographical data concerning Dr. Shumard in this paper we are indebte<l 
to the sketch in the Am. Jour. Sci., 2d ser.. Vol. XLVIU, pp. 294-296 ; to A. R. 
Koessler's reply to S. B. Buckley; and to Prof. G. C. Broadhead and others. 

Dr. B. F. Shumard was born at Lancaster, Pa., November 24, 1820, His father 
afterwards removed to Cincinnati, and while he was living there Dr. Shumard gradu- 
ated at Oxford, Ohio ; returning to Philadelphia, he went through one course in the 
medical college of that city. His father then removed to Louisville, Ky., where young 
Shumard completed his medical studies, in 1846. He then practiced medicine in one of 
the interior towns of Kentucky. Here he developed his taste for paleontologic inves- 
tigation, and after a few months' country practice he removed to Louisville, lu this 
Bull, 45.. — 3 (411) 
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lications, of which we shall spoak more definitely hereafter. The sur- 
vey as carried on under his immediate successors may, for convenience, 
still be called the Shumard survey, as it was an attempt to continue liis 
work rather than to ihaugurate any new system of work or of organiza- 
tion. 

Immediately upon the removal of Dr. Shumard, November, 1860, the 
governor appointed Dr. Francis M. Moore State geologist. He was an 
honorable and cultured gentleman, of much executive ability. For 
many years he had been the editor of The Houston Daily Telegram, 
then the leading newspaper of the State. It was owing to his public 
spirited and intelligent advocacy of its necessity that the survey was 
originally established. 

According to Dr. Buckley^ he himself was appointed first assist- 
ant State geologist; Dr. Eiddell, who had been assistant State geol- 
ogist and chemist, was retained as chemist; and Mr. Eoessler was 

city he became associated ia scientific and professional x>iirsuit8 with Dr. L. P. Yaii- 
deU, and together they devoted much of their leisnro to the study of geology and pale- 
ontology. Several valuable paleontologic contributions were published under their 
joint authorship. Dr. Shumard was an earnest and careful collector, and his cabinet 
at Louisville was visited by many distinguished foreigners. 

Dr. Shumard's geologic talent was not long in receiving recognition. He was ap- 
pointed by Dr. David Dale Owen as assistant geologist in the geological survey of 
Iowa, Wisconsin, and Minnesota, which was inaugurated in 1846 by authority ot 
Congress, 

Dr. Shumard was busily engaged in the field during 1848 and 1849 as the head of 
one of the divisions of the survey. Manj of the most vahiable reports upon the geol- 
ogy and paleontology of this survey, from his pen, "remain monuments to the indus- 
try, acquirements, and ability of their author." 

Besides his share in the publication of these reports. Dr. Shumard, about the same 
time, published a valuable monograph, entitled Contributions to the Geology of Ken- 
tucky. In the work of the Iowa, Wisconsin, and Minnesota survey he was associated 
with many men who have since become eminent in the annals of North American 
geology, including F. B. Meek, Dr. J. Evans, Prof. A. Litton, and others. 

In 1853 Dr. Shumard removed to St. Louis and was appointed assistant geologist 
and paleontologist of the Missouri geological survey \inder Professor Swallow. He 
labored here until the summer of 1858, when he was appointed State geologist of 
Texas. He arrived at Austin on October 30 of the same year and initiated the worlv 
of a survey upon a broad and comprehensive plan. 

At the beginning of the war the doctor returned to St. Louis. He was obliged to 
leave a large part of his collections and library at Austin through the war. He again 
took up the practice of medicine, which he continued to the year of his death. 

He had been in a declining state of health for about a year, having sufi'ored from 
hemorrhage of the lungs, when his death occurred, April 14, 1869. 

In St. Louis Dr. Shumard had the intellectual and social companionship of that small 
coterie of western scientists who made that place a scientific center for many years. 

As a paleontologist he held a high rank. He was president and one of the organiz- 
ers of the Academy of Science of St. Louis and a member of many other similar socie- 
ties at home and abroad. 

He was a man of science in the highest sense of the word and devoted himself en- 
tirely to its pursuits ; in the prosecution of it he contributed more, perhaps, than any 
other man to the revelation of the immense resources of the Mississippi YaUey. 
'JF'Jrat Annual Report of the Geological and Agricultural Survey of Texas, p. 8, 
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retrained as draftsman. In December, 1860, Drs. Moore and Bnckley^ 

made a short reconnaissance through the southern counties of the State, 

and in March they made a tour through Western Texas, during which 

trip the survey was suspended. The resolution suspending the survey 

is as follows : 

Be it resolved : (1) That the geological snrvey be suspended, with the exception of the 
State geologist and chemist, who shaU continue in the snrvey only so long as it may 
be necessary to make out the report hereinafter provided for. 

(2) That B. F. Shumard, the State geologist, be requested to make a report of his 
survey so far as the survey has been completed, and for that purpose shall have con- 
trol over the cabinet and rooms and his notes and the services of the chemist, and he 
shall receive a like salary heretofore paid the State geologist until the work be com- 
pleted : Prodded, Said report shall be made by the 1st of July next ; which compen- 
sation shall be paid out of the appropriations heretofore made for the support of the 
geological bureau. 

(3) That Dr. Francis Moore, present State geologist, be requested to make out a re- 
port of the work executed up to the present time. 

Approved, April 8, 1861. 

What was done towards complying with this act cannot be ascer- 
tained. It is certain that no reports were published and apparently 
the agitation of the civil war prevented further work. The act seems 
to imply an official justification of Dr. Shumard^ which is not men- 
tioned in any of Dr. Buckley's sketches of the history of the surveys. 

The civil war had now broken out and Dr. Moore left for the North 
in July, 1861, and in 1864 died in Northern Michigan, while in the em- 
I)loy of a mining company. 

During the war the State capitol was occupied by troops and the 
laboratories and the museum of the survey were converted into a man- 
ufactory of percussion caps. The magnificent specimens were taken 
away as curiosities or wantonly destroyed and many of the precious 
notes and maps were scattered to the winds. 

At the opening of the war Dr. Buckley also left the South, taking 
with him, as has been charged by Mr. Roessler,* the notes of the survey. 
At the close of the conflict he returned to Austin, assumed charge of 
the collections and effects of the survey, and secured the passage of 
a joint resolution repealing the act of April 8,1 861, by which the survey 
had been suspended; He was appointed by Governor Throckmorton, 
in November, 1866, to take charge of the survey, notwithstanding the 
protests of Dr. B. F. Shumard,^ Mr. Boessler, and others, previously of 

* First Annual Report of the Geological and Agricultural Survey of Texas, by S. B. 
Buckley, p. 8. 

2 Reply to the charges made by S. B. Buckley, State geologist of Texas, in his official 
report of 1874, against B. F. Shumard and A. R. Roessler, p. 10. 

3 In a letter to Swante Palm, esq., under date of August 11, 1866, Dr. Shumard thus 
oharacterizes Mr. Buckley's standing in his service : ''In the same article he claims 
that he was connected with me in the geological survey. Now, he came to me ragged 
and penniless, and I employed him'to collect plants at one dollar per day, giving him 
precisely the same wages I was giving my teamsters and cooks. All the geology hQ 
know9 1 taught him, and tliat w(4,s precious little.'' 
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the survey. The unfinished report of Dr. Shnmard, which the legisla- 
ture in 18GI had given to Dr. Moore to complete, now fell to his charge 
8o far as materials remained. Dr. Buckley put forth in 1866 a work 
entitled A Preliminary Report of the Geological and Agricultural Sur- 
vey of Texas. In a prefatory note he speaks of the book as the report 
of work done under the supervision of Dr. Moore, adding that his con- 
nection with the survey had been longer than Dr. Moortfs and that all 
the knowledge obtained by service under Dr. Shuthard which promises 
to have any public value is embodied in its pages. The book contains 
92 octavo pages, including title and index, and a large proportion of 
these pages is occupied with general statements as to agricultural oper 
ations and the whole is of little scientific value. In the words of Mr. 
A. R. Roessler : ^ 

It does not contain the analysis of either soils or minerals or the delineation of a 
siugle fossil, geological section, or anything else in that direction. In fact there is 
nothing new in it, the whole report being a poor rehash of articles published in the 
Texas Almanac and other periodicals. 

In 1867 the political winds blew out the administration that upheld 
Dr. Buckley before he printed any further report. Under military rule 
and changes that ensued was swept away the last remnant of the original 
geological survey of Texas as inaugurated by Dr. Shumard nine years 
before, except a few disordered specimens, which were completely de- 
stroyed by the capitol fire in 1881. 

Official results. — The destruction of records by the capitol fire leaves 
no opportunity to gather official information as to what was accom- 
plished by the survey, but from unofficial sources 1 have endeavored to 
make up as accurate and complete a statement as possible. 

There were two direct publications of the survey. The first was the 
First Report of Progress of the Geological and Agricultural Survey of 
Texas, by B. F. Shumard, State geologist. It was a pamphlet of 17 
pages, of which 1,700 copies were .printed for distribution. It may be 
found in the libraries of the i^ational Museum and the U. S. Geological 
Survey' at Washington. The second official publication was A Pre- 
liminary Report of the Geological and Agricultural Survey of Texas, 
by S. B. Buckley, 1866, already described. 

Indirect results. — Although the State published so little concerning 
the geological investigations of the Shumard survey, the scientific men 
who were attached to it made known useful data concerning the geology, 
topography, and paleontology of the State. Dr. Shumard described 
many new species and contributed much to the stratigraphic knowl- 
edge of the State. His publications, based upon material gathered 
and observations made while connected with the State survey, are as 
follows : 

' Keply to the charges made by S. B. Buckley, p. 11. 
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** Observations upon the Cretaceous strata of Texas,'* Acad. Sci. Saint Louis, Vol. 
I, pp. 582-590, 1860. 

*' Descriptions of new Cretaceous fossils from Texas/' Trans. Acad. Sci. Saint Louis, 
Vol. I, pp. 590-610, with figures, 1860, published by Dr. C. A. White in his Contribu- 
tions to Paleontology, No. 1, Eleventh Annual Rep. U. S. Geological (Hayden) Survey. 

''Descriptions of five new species of Gasteropoda from the Coal Measures, and a 
Brachiopod from the Potsdam Sandstone of Texas,'' Trans. Acad. Sci. Saint Louis, 
Vol. I, pp. 624-627, 1851. 

" State House artesian well at Austin," Texas Almanac, pp. 161, 162, 1860 ; gives 
valuable geological section. 

"Geological survey of Texas," Texas Almanac, pp.199, 200, 1860, Galveston, 1859. 

"The Primordial zone of Texas, with descriptions of new fossils," Am. Jour. Sci., 
2d ser., Vol. XXXII, pp. 213-321, 1861. 

"Descriptions of new Cretaceous fossils from Texas," Proc. Boston Soc.Nat. Hist., 
Vol. VIII, pp. 188-205, 1861-1862. 

" Observations on the Cretaceous strata of Texas," Texas Almanac, pp. 203-205, 1861. 

Extract from a letter to the corresponding secretary of the Academy of Science of 
Saint Louis, read November 5, 1860; mentions the discovery of dicotyledonous leaves 
in the Cretaceous strata of Red River, Trans. Acad. Sci. Saint Louis, Vol. II, pp. 140, 141. 

** Descriptions of new Paleozoic fossils," Trans. Acad. Sci. Saint Louis, Vol. II, pp. 
108-113, 1862; describes Goniaiites Texanua, a new Carboniferous fossil from the bluffs 
of Wallace Creek, San Saba County, Texas. 

Communication to the Academy of Science of Saint Louis, March, 1861, announcing 
the apparent discovery of the Ripley group of the Cretaceous in Texas, Trans. Acad. 
Sci. Saint Louis, Vol. II, p. 152. 

At the time of his death Dr. Shamard had in his possessiou many 
valuable notes and unpublished manuscripts concerning the geology 
and paleontology of Texas that would, no doubt, throw much light upon 
some of the important points concerning that region. Dr. 0. A. White 
has published illustrations of some of the speoies^ he described without 
figures, and this will probably be done in the case of others of his uufig- 
ured specimens as soon as duplicates can be collected and idenfilied. 
The notes and manuscripts, however, should not be lost to science, and 
it is hoped that some friend of the deceased will produce them ulti- 
mately for publication. 

Mr. Boessler, the topographer of the survey, has published several 
valuable maps, among them a large topographic map of the State, 
printed in 1874, embodying the plans set forth by Dr. Shumard in his 
report of progress. 

The final remnant of the collections remained for many years in the 
capitol building at Austin, until the burning of that structure in 1881 
completely destroyed the last trace of them^ 

JEJxpense. — It is impossible to ascertain the exact cost of the Shumard 
survey to the State of Texas from the date of its inception, November, 
1848, until the publication of Dr. Buckley's report in 1866. Dr. Buckley 
states that Dr. Shumard expended $28,000 during the twenty-six months 
of his administration, which was $8,000 in excess of the appropriation. 

* Contributions to Invertebrate Paleontology No. 2. Twelfth Annual Report U. S. 
Geological and Geographical Survey of the Territories. F. V. ITaydcn , IT. S. Geologist. 
Part I, Geology, Paleontology, and Zoology. See pp. 22, ^S, 39. 

(416) 



38 PRESENT KNOWLEDGE OF OEOLOOY 6^ TE^tAS. [bull. 45. 

The following items of expenditure are mainly compiled from Dr. 
Shumard'8 First Report of Progress, pp. 16, 17, They represent the 
disbursements of the first fourteen months of his administration : 

Salaries : Chief geologist, at $3,000 ; two assistant geologists, at $1,500 
each; topographer, at $600; various subordinates : aggregating $7,195 71 

Equipment (including fitting up of office, apparatus, laboratories, stables, 
purchase of teams, camp equipment, &c.)«--<- 4,947 62 

Traveling and transportation expenses 2,845 96 

Office expenses 83 71 

Total expenditure 15,073 00 

Deduct cost of equipment 4,947 62 

A ctual running expense for fourteen months 10, 125 38 

The expense of the continuation of the survey under the four months 
of Dr. Moore's administration cannot be obtained. Based upon the 
cost of Dr. Shumard's for a similar time they could not haye exceeded 
$4,000, for it must be remembered that retrenchment was the watchword 
under which he was appointed to the directorship. 

The cost of Dr. Buckley's administration for one year could not have 
exceeded $4,000, as he had no assistants and the State was only at the 
expense of his salary and the cost of publishing his pamphlet. It may 
be fairly estimated that the total expense of this survey to the State was 
less than $25,000. 

THE SECOND GEOLOGICAL SURVEY (GLENN BUCKLEY). 

Since the disastrous ejid of the Shumard survey in 18G7 little work of 
positive scientific value has been done by the State of Texas. When the 
immediate effects of the civil war had passed away and the political 
excitement of the reconstruction period had subsided, the expediency of 
reorganizing the State survey was again broached. 

To distinguish it from the Shumard survey, described in the previous 
pages, this new organization may be called the second geological survey 
or the Glenn-Buckley survey. It accomplished even less than the first 
oue. 

By legislative enactment, approved August 13, 1870, the governor 
was authorized to appoint a State geologist, with the consent of the 
senate, the incumbent to give security in the sum of $5,000. The State 
geologist was to appoint two assistants, one of whom was to be an expert 
chemist and mineralogist. The duties of the survey were to make a de- 
scriptive survey of the State, and an agricultural, geologic, and mincr- 
alogic examination and classification of rocks, soils, minerals, mineral 
waters, fossils, &c. Booms were to be provided by the governor for the 
deposit and arrangement of specimens by the geologist. A report of 
progress was to be made to the governor at eachregular session of the leg- 
islature. The salary of the principal geologist was to be $3,000; of the 
prJDcipal assistants; each, $1,800, traveling and incidental expenses to 
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be paid by the State. Appointees were required to take ati oath of oflBce, 
agreeing not to purchase^ with the view of speculation, any lauded or 
mining interest in the State during their term of office and not to con- 
ceal any information relative to any discovery &c. The governor was 
authorized to offer for sale the reports, when published, to citizens of 
the State, at a cost not to exceed that of publication, proceeds to be 
placed to the credit of the common school fund. The State geologist 
was allowed fifty copies for distribution to scientific men and the assist- 
ants twenty copies each. The governor was empowered to remove for 
neglect or malfeasance in office. All former laws were repealed. 

Early in 1873 Governor Edmund J. Davis appointed John W. Glenn 
State geologist. In November he t©ok the field, with Charles E. Hall 
as first assistant, and went into Burnet, Llano, and San Saba Counties, ^ 
returning to Austin in January, 1874, and soon afterwards he resigned. 
In view of the destruction of the archives it is satisfactory to have Mr. 
Glenn's direct statement^ regarding his connection with the survey, 
kindly furnished in reply to a request for it, and not without value in 
its bearing upon the work of others ia the same field. 

LETTER OF MB. J. W. GLENN. 

New Orleans, La., August 7, 188G. 

Dear Sir: Reply to your letter has been delayed until now from necessity of re- 
ferring to the comptroller of Texas for some details of expenditures which I had for- 
gotten. 

I reply to your interrogatories in their order, viz : 

1. I was State geologist for Texas from March 31, 1873, to March 6, 1874, when I 
resigned. ^ 

2. The expenses of my administration for that time were $3,637.34. 

3. I had no predecessor ; my successor was S. B. Buckley. 

4. Mr. Rossiter was never State geologist. One A. B. (or A. R.) Rocssler was a 
draftsmati in the geological department in 1861 under Dr. Shumard. Ho was also 
employed in printing and distributing circulars &c. in 1875 and 10,000 copies of 
Texas maps in 1875. 

A geological survey of Texas was authorized by law and prosecuted to some extent 
under Dr. Shumard, but was brought to an abrupt ending in 1861 by the war. Noth- 
ing further was done until 1873, when I was appointed under a law just then passed, 
which law contemplated a complete work. 

The disorders of the time and want of proper appreciation of the importance of geo. 
logical work on the part of the public caused me to resign, and S. B. Buckley, who in 
1861 was an employ^ of Dr. Shumard in the division of botany, was appointed my 
successor. His official existence was brief and barren of scientific results. I have 
always regarded Roemcr^s report on the Cretaceous in Texas with favor, and have 
found that Dr. Shumard's reports, so far as they were published, agree in the main with 
my examinations; and Roemer and Shumard may be considered as the sole autbori- 
ties on the geology of Texas up to 1873, unless we add to them part of the United 
States boundary report. 

No publication was made of any of my reports. Before I assumed the duties of 
State geologist I was familiar with the area and outlines of the coast formations, 

* First Annual Report of the Geological and Agricultural Survey of Texas, by S. B. 
Buckley, p. 13. 
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Tertiary, Cretaceons, and the Carboniferous, in the northern part of Texas. My first 
work was to establish a base line which wonld include outcroppings of the known 
formations. As established, this line began in Blanco County, in the Cretaceotis, 
thence northward until it encountered the Cretaceous again overlying the Carbon- 
iferous in the north part of the Stat^. 

Between, these two ends of the base line, beginn ing at the south end, it passed 
through the following formations in the order as stated, viz: Cretaceous, Carbon- 
iferous, Upper Silurian, Lower Silurian, Azoic , Lower Silurian, Upper Silurian, Car- 
boniferous, Cretaceous. 

The result was one of the most interesting I ever accomplished. Every square mile 
of the territory surveyed was carefully platted on the map and defined in the field, 
and each one numbered and worked over with g^at care, and the collections taken 
from each bore its number and from what part each came. Probably the most valu- 
able part of my work, from an economic stand, if the report of it had only been pro- 
mulgated in prints was my report on the wild sumach of Texas (jB. copalUna), from 
detailed analyses extending through the entire growth and determining the period of 
greatest economic value in tannic acid. 

These analyses were made by Mr. George H. Katteyer, in the most elaborate and 
painstaking way, and included an amount of exact information which^ owing to the 
vast growth of wild sumach in Texas, won Id have proved of immense value to her 
people in that new industry. 

The paleontology of Texas is to me more interesting than that of any other part of 
the country, especially in the Carboniferous and Lower Silurian formations. 

I believe I have replied substantially to all of your inqui ries. If not, and you will 
indicate where, I will gladly supply the omission. 

Respectfully, JOHN W. GLENN, 

Robert T. Hill, 

Assistant Paleontologist, U, S. G, S,, Washington, D, C, 

OPERATIONS OF 1874. 

In March, 1874, Governor Eichard Coke appointed Dr. S. B. Buckley 
State geologist. Dr. Bnckley appointed Prof. Richard Barleson assist- 
ant geologist, Charles E. Hall snbassistant, James E. Horn book-keeper 
and commissary, having Friench Simpson and Jack Coke as volunteer 
assistants without wages. Field work was begun May 11, and William 
D.Oarrington, Ed. Shands, and a cook were of the party. Dr. Buckley 
says of his summer's work: 

Our trip during the summer has only been a general reconnaissance or partial sur- 
vey of the following counties. [Here follow the names of forty-five counties.] 

No detailed surveys have been made, the object being merely to ascertain the lead- 
ing geological, mineralogical, and agricultural features of the counties visited as a 
guide to future examinations and aid to the capitalist and immigrant.^ 

Although during a part of the time Professor Burleson traveled with 
a subparty over a separate route, it is clear that in covering such a 
scope of country the field work consisted of little more than a jaunt in 
an ambulance, rarely deviating from the main road.* 

The parties traveled rapidly from day to d ay, gathering fossil and min- 
eral curiosities and noting extravagant stories of agricultural possi- 

^ First Annual Report of the Geological and Agricultural Survey of Texas, by S. B. 
Buckley, p. 16. 

5 See The Coming Empire, or Two Thousand Miles in Texas on Horseback, by H. F. 
McJDanielaandN. A. Taylor, New York, A. S. Barnes & Co., 1878, p. 315. 
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bilities by farmers along their routes. No stratigraphic or topographic 
work was doue, uor were any barometric or other measurements made. 
From the first annual report of the survey', already cited, some localities 
can be identified, but its 142 octavo pages are essentially devoid of sci- 
entific interest. No office or laboratory work was reported. 

The expenses of the half year from May 1 to November 1 are given as 
follows : 

Camp outfit 11,508 50 

Field expenses 871 15 

Help 750 00 

Total* 3,129 65 

From Mr. Friench Simpson, of Columbas, Tex., one of the gentlemen 
who accompanied Dr. Buckley as a volunteer assistant, I have received 
the following detailed account of the appropriations and expenditures 
of the survey for the first year of its existence : 

Total amount of appropriation (7,250 00 

Salary of geologist iJ3,000 00 

Office and chemical supplies 300 00 

Wood 50 00 

Books and instruments 200 00 

Traveling expenses •. 2,700 00 

Total expenditures 6,250 00 

6,250 00 

Returned to treasury v 1,000 00 

OPERATIONS OF 1875. 

The work of 1875* was in continuance of the plan adopted the pre- 
ceding year of ascertaining, by a general reconnaissance of the State, 
its main geologic and agricultural features. 

The observations for this year were mostly made in the region west 
of the Colorado River and north of latitude 29^. These observations 
were of the same general character as those of the preceding year, except 
that a barometer was introduced into the survey and a few altitudes 
were recorded. n 

For an account of the expenses 9f this year we are again indebted to 
Mr. Simpson. They were as follows : 

Salary of the geologist $3,000 00 

Office and chemicals 500 00 

Traveling expenses 2,000 00 

Postage 200 00 

Fuel 50 00 

Total expenses 5,750 00 

1 First Annual Report of the Geological and Agricultural Survey of Texas, by S. B. 
Buckley, p. 119. 

* Second Annual Report of the Geological and Agricultural Survey of Texas, hy S. 
B. Buckley, A. M., Ph. D., State geologist, Houston, 1876, p. 5. 
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At the end of the fiscal year Goveruor Richard Coke, who had him- 
self appointed Dr. Buckley, being convinced that the geological survey 
as conducted was of no value to the State, vetoed tiie annual appropria- 
tion, thus terminating the survey. The two reports cited contain all the 
contributions made, to my knowledge, by the reorganized survey, and 
the State has done no work of the kind since. 

RECENT MISCELLANEOUS INVESTIGATIONS. 

Some additions to the geologic knowledge of Texas have been made 
by individual contributors. 

Most of the papers contributed were only serai-scientific, written with 
a view to furnishing popular descriptions of the region. Many of them 
are now lost, owing to the destruction of the obscure mediums in which 
they were published. 

INDIVIDUAL CONTRIBUTORS. 

Previous to the civil war several gentlemen, residents of the State, 
contributed articles to the southern press upon these questions. 

Professor Caleb G. Forshey and Oeorge WilMns Kendall were among 
them. To secure a complete list of their writings* would now be impossi- 
ble, but many of them are still extant in the almost inaccessible files of 
Xew Orleans and Texas papers and in De Bow's Commercial Review. 

Since the civil war not many residents of the State have contributed 
to its geologic literature. There have been one or two gentlemen, how- 
ever, who have been interested in the geology of their State. 

iV. A. Taylor has contributed many articles to the press of the State, 
lis well as written a book that contains valuable data concerning the 
geologic features of Texas. While his works are lacking in the exact- 
ness of detail that is necessary in scientific matter, his deductions are 
original and oftentimes so plausible as to seem worthy of extended de- 
velopment and treatment. Unfortunately most of Mr. Taylor's contri- 
butions are now inaccessible, he himself being unable to furnish a com- 
l)lete list of them or of their dates and places of publication. His little 
book^ contains much generiii information of value to one who contem- 
plates studying this region. 

Ex-Governor Or an M. Roberts^ gives much information concerning the 
physical geography of the State. Perhaps no other man is so thoroughly 
acquainted with the general topography of Texas as he. His observa- 
tions are acute, but he makes no claim to modern scientific knowledge 
and the valuable data he gives are unaccompanied by geologic deduc- 
tions. 



^ Tho Coining Empire, or Two Thousand Miles in Texas on Ilorsel)ack, by H. F. 
McDauiels and N. A. Taylor. A. S. Barnes & Co., New York, 1878. 12 \ :J90 pp. 

*A Description of Future Texas; Its Advantages and Resonnjes, with Some Account 
of their Development, Past, Present, and Future, by O. M. Roberts, Present Governor ol" 
Texiia^ St. Louis, Mo., Gilbert Book Company, 1881. 
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W. F. Cummins has also written many valuable papers for the State 
press. His observations are wide, but his writings are valuable for the 
localities they give rather than as direct contributions to stratigraphy. 
Mr. Cummins has been of great service as a collector, having made Prof. 
E. D. Cope's vertebrate collections in Texas. A list of his sketches in 
periodicals is given below.^ He has an important mass of unpublished 
material. 

Dr. Charles A, Ashhurner made an economic study of the coal fields 
of Northwestern Texas in 1881 on behalf of certain railroad companies. 
He contributed a valuable paper to the American Institute of Mining 
Engineers upon the geology of the region.^ 

Professor E. D, Cope has spent much time in Texas studying its 
zoology. He also studied the fossil vertebrata collected for him. Un- 
fortunately for science, this gentleman made the stratigraphic and geo- 
graphic information of secondary value, and, in addition to giving few 
localities, has accepted as present in Texas a geologic formation the 
existence of which has not been scientifically demonstrated. His brief 
exposition of the areal distribution of the formations ^ is one of the 
most valuable extant upon that subject, but it contains an interpreta- 
tion from which I dissent. He says : 

To the eastward of this line [tlio eastern border of the Cretaceous] a belt of the 
Laramie extends from the northeast and terminates at the soath, without continning 
immediately to the west. 

It does not seem to me that this is the Laramie in any sense of the 
wordy for, although it may have been synchronously deposited it has no 
paleontologic or lithologic resemblance to what the great authorities on 
that formation have described and located as the brackish water Lara- 
mie of the West. This view is based upon my personal observation of 
both the true Laramie of the West and what Professor Cope terms the 
Laramie in Texas. It is true that both formations belong to the upper- 
most Cretaceous or the lowest Eocene, but I think that conclusive strati- 
graphic and paleontologic evidence exists to show that Professor Cope's 
Texas Laramie is but the southern continuation of the lignitic forma- 
tion of Mississippi and Arkansas or the Eolignitic group of Heilprin. 

Professor Cope has also described numerous vertebrate remains from 
what he terms 'Hhe Permian formation of Texas." These beds should 
not be confounded with the trans-Pecos Permian beds of the Messrs. 



*** Texas geology," Galveston (Texas), Daily News, December 1, 1884. *^ Geology 
of North Texas,*' "Permian formation in Texas," ''Tertiary coals in Texas," "Car- 
boniferons formation in Texas," and "Artesian water on the Staked Plains;" these 
articles. were published in the Dallas (Texas) Herald and the Galveston (Texas) News 
at various times. The exact dates Mr. Cummins cannot give. 

2" Brazos coal-fiehl, Texas," Trans. Am. Inst. Min. Eng., Vol. IX, pp. 405-506, 1880- 
'81. 

3 On the Zoological Position of Texas, by Edward D. Cope, Bulletin No. 17, U. S. 
Nat. Mu8.,pp. 5-8. 
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Sliuniard, which are now "known to be late Carboniferous. Professor 
Cope's use of the word is not verified hy stratigraphic or invertebrate 
paleontologic data so far published. 

Professor Jacob Boll, an able Swiss zoologist and geologist, in 1876- 
1880 conducted a series of explorations in Texas and published a few 
papers upon its geology.^ He, with Mr. Cummins, also collected verte- 
brate fossils for Professor Cope. His writings were only the introduc- 
tion to what promised to be valuable original contributions to the geol- 
ogy of Texas ; but the strange fatality that has so often interposed a 
barrier to the completion of all thorough work in this State intervened, 
and he died in the field in the summer of 1880. 

Walter P. Jenney contributed a short but valuable article upon the 
geology of the trans-Pecos region.* 

W, JET. Adams published an important paper in which he makes some 
generalizations concerning the coal bearing strata of the Kio Grande 
region.^ His deductions concerning the age of the strata at Eagle Pass, 
Tex., are erroneous and misleading in that he makes it Triassic — from 
the lithologic appearances and from the occurrence of an ammonite re- 
sembling the genus Ceratites, when in reality it is the very latest of the 
Cretaceous, as may be seen by material in the National Museum. 

Dr. B, JET. Loughridge prepared for the Tenth Census a brief but val- 
uable paper* on the geologic features of the State. This may be classed 
as one of the most important contributions to the general topography 
and the geology of Texas. It is accompanied by maps showing the 
distribution of soils &c. and by a brief geologic discussion of the whole 
region. It contains a comprehensive statement of the areal distribution 
of the geologic formations and is by far the best general paper upon the 
subject thus far written. Much detail is given concerning the hitherto 
indefinite boundary between the Tertiary and the Cretaceous, which Dr. 
Loughridge deflects too much to the westward south of San Antonio. 
He notes the occurrence of the Eipley group of the Cretaceous near Ter- 
rell, Kaufman County, and gives a list of its fossils. He also describes 
the character of the rotten limestone as it occurs near Clarksville, but 
erroneously includes in this formation the several distinct prairie re- 
gions of Central Texas. He uses Dr. B. F. Shumard's section, but his 
own observations are not altogether in harmony therewith. The work 
is chiefly valuable for the topographic information concerning the State. 

^'* Texas in its geognostic and agricultaral- aspect/' American Naturalist, pp. 375- 
384, June, 1879; '^ Geological examinations in Texas,'' American Naturalist, Vol. XIV, 
pp. 684-686, September, 1880. 

* "Notes on the geology of Western Texas, near the thirty-second parallel," by 
Walter P. Jenney, Am. Jour. Sci., 3d ser.. Vol. II, pp. 25-28, 1874. 

' " Coals in Mexico, Santa Rosa district," Trans. Am. Inst. Min. Eng., Vol. X, pp. 270, 
271, 1881-'82. 

'* "Report on the cotton production of the State of Texas, with a discussion of the 
general agricultural features of the State," Tenth Census of the United S^tates, Vol. 
V, pp. e53-63J, 1884. 
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A. B, Roessler was the origiaal topographer of the Shutnard survey, 
aud thus acquired a fund of geographic knowledge with which he has 
favored the public through the medium of several maps. One of these, 
printed in 1874, is by far the best contribution to a knowledge of the 
general surface features of the State. Mr. Boessler has published a 
series of county maps, giving colored areas to represent the geologic 
formations, but these maps are not entirely trustworthy. Mr. Boessler 
has also contributed several articles on the local geology. 

Br. 'F. Havardf U. 8. A., made a most valuable contribution to the 
knowledge of the general topographic features of the State during 1885. 
Although the work^ is primarily botanic, these topographic descriptions 
of a region about which so little has heretofore been known are impor- 
tant and far more extensive than those in some of the works giving 
geologic titles. 

James P. Kimhallj Ph. D., in an article on the geology of Western 
Texas,^ discusses the orologic and paleontologic relations of the trans- 
Pecos country and corrects several errors in the writings of earlier 
travelers. He describes the peculiar metamorphic formation capping 
the Cretaceous strata of the region, termed cantera, and shows its local 
variations. The extension of the Texas Cretaceous formation into Mex- 
ico is also described. It is one of the most valuable of the very few 
articles on the region of which it treats. 

Charles D. Walcott is the only representative of the scientific corps of 
the U. S. Geological Survey who has as yet published any results upon 
the Texas region founded upon personal observation. He visited the 
Paleozoic rocks of Central Texas in 1884 and published a short paper 
on them the same year, entitled ^^Kotes on Paleozoic rocks of Central 
Texas.''^ This article, although brief, ranks in the same category of 
original investigation as the works of Shumard and Eoemer. It con- 
tains the following results : Additional data on the Potsdam section and 
fauna; the Silurian section and fauna; the geologic relations of what 
has long been known as the Archaic region and its first reference to 
the Cambrian ; and the determination of the age of the granite of Burnet 
County. 

There are several writings upon Texas geology by gentlemen who 
have not visited the State that deserve mention. Of this number, few 
have dealt with other than isolated paleontologic descriptions of fossils, 
and it is of the latter class that it is proper to insert here a few reiriarks. 
Paleontology as a science is inseparable from stratigraphy. AVhen 
they are divorced, paleontology becomes a misnomer for what more 

* "Report on the flora of Western and Soathorn Texas," Proc. U. S. Nat. Mus., Vol. 
VIII ( lea's), Nos. 29-30, pp. 449-533, Washington, 1885. 

2 "Notes on the geology of Western Texas and of Chihuahua, Mexico," by Janieq 
P. Kimball, Ph. D., Am. Jour. Sci., 2d ser.. Vol. XLVIII, p. 379, 1869, 

3 Am. Jour. Sci., 3d ser., Vol. XXXVIII, pp. 431-433, 1884, 

(423) 



46 PRESENT KNOWLEDGE OF GEOLOGY OF TEXAS. [bull. 45. 

properly deserves the title of systematic or descriptive zoology. It is 
to be regretted that only three invertebrate paleontologists— Drs. Fer- 
dinand Eoemer, Benjamin F. Shumard^ and 0. D. Walcott — have visited 
the State.^ The innumerable descriptions of new species of "Greta- 
ceous'^ and "Tertiary'' fossils from Texas that have adorned the annals 
of the scientific literature of our country for many years will have little 
value to science until the fossils are studied upon the ground and their 
proper stratigraphic position is ascertained.* 

Dr. Samuel George Morton^ was the first to make allusion to the Creta- 
ceous strata of Texas. He describes, from the " Calcareous platform of 
Red River,'' the fossil Oryphwa Pitcheri, now accepted as the most char- 
acteristic fossil of the typical Texas Cretaceous. This locality, we can 
only surmise, was the same as that now called the Staked Plains region 
of Texas. The specimens were collected by Army officers. 

F. B. MeeJc has contributed very little to the number of new species 
from Texas, but he has made an earnest endeavor to correlate the Cre- 
taceous strata of Texas with those of the other kindred areas of this 
country.* 

Br, C A. White has not at this date (December 31, 1885) visited the 
State, but he has published several papers on the paleontology of Texas, 
as well as figured many of the species described, but not illustrated, 
by Dr. Shumard. He has also figured and described several new and 
distinct species and printed lists of fauna from characteristic locali- 
ties .^ 

^ Since writing the above, Mr. T. A. Aldrich, Dr. C. A. White, and others have done 
some valuable work in Texas. 

2 "Descriptions of new Lower Silurian (Primordial), Jurassic, Cretaceous, and Ter- 
tiary fossils collected in Nebraska by the exploring expedition under the command of 
Capt. Wm. F. Raynolds, U. S. Topographical Engineers, with some remarks on the 
rocks from which they were obtained," Proc. Acad. Nat. Sci. Phila., Vol. XIII, pp. 
415-447, 1861. 

^ Synopsis of the Organic Remains of the Cretaceous Group of the United States, 
by Samuel George Morton, M. D., Philadelphia, 1834. 

"* A Report on the Invertebrate Cretaceous and Tertiary Fossils of the Upper Mis- 
souri Country, by F. B. Meek. Report of the U. S. Geological Survey of the Terri- 
tories. F. V. Hayden, U. S. Geologist in Charge, Vol. IX, Washington, 1876. 

^Dr. White's writings on Texas geology are here given for the convenience of those 
who may be interested, because they are not noted in the existing paleontologic check 
lists, which were printed before his articles were written : 

** Report on the paleontological field work for the season of 1877," Eleventh 
Annual Report of the U. S. Gcol. and Geog. Sury. Terr., for 1877, pp. 159-320, 1879. 
Describes several new species of fossils from the Cretaceous strata of Texas. 

" Descriptions of new Cretaceous fossils from Kansas and Texas," Proceedings of 
the U. S. National Museum for 1879, Vol. II, pp. 292-298. 

" Report upon the Invertebrate Fossils collected in Portions of Nevada, UtaJi, 
Colorado, New Mexico, and Arizona, by Parties of the Expeditions of 1871, 1872, 1873, 
and 1874," in Report upon the Geographical and Geological Explorations and Surveys 
"^Vest of the One Hundredth Meridian, in charge of First Lieut. Geo. M. Wheeler, 
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Prof. Angela Heilprin has published a valaable compilation of tlio 
observations that have been made upon the Tertiary geolog^'^ of the 
State in his work entitled Contributions to the Tertiary Geology and 
Paleontology of the United States, printed at Philadelphia in 1884. lie- 
sides being a compilation of previous research, the observations and the 
deductions of Professor Heilprin therein expressed are of great value. 
He has, besides, described several species from the Tertiary of the State. 

The writings of Messrs. James Hall, Conrad, and Gabb have been re- 
ferred to in the preceding pages in connection with the expeditions upon 
which the fossils and other specimens were collected. They also made 
a few individual contributions. The true horizon of the species cannot 
be known until further stratigraphic observations are made. 

WORK OF THE U. S. GEOLOGICAL SURVEY. 

This narration of the geologic work accomplished in Texas practi- 
cally closes at the date when the U. S- Geological Survey was author- 
ized to carry its work into the States (1884), although I have included 
some work done by C. D. Walcott, thus extending the narrative to 
December 31, 1885. The date at which the U. S. Geological Survey 
was enabled to extend its operations into the States is one of the 
most important in our scientific history, and to the State of Texas it 
will prove of especial consequence. The era of hastj^ reconnaissance 
and poorly published results may be considered ended and the work 

Corps of Engineers, U. S. Army, Vol. IV, Part I, Paleontology, i»p. 1-219. 4^. Wash- 
ington, 1875. Gives lists of fossils from Cretaceous localities in Texas. 

"Conditions of preservation of invertebrate fossils," -in Bull. U. S. Geological and 
Geographical Survey of the Territories, Vol. V, article VII. Describes characteristic 
condition of preservation of fossils from the Cretaceous rocks of Texas. Washington' 

1879. 

** Descriptions of new Cretaceous invertebrate fossils from Kansas and Texas. ^' 
Proc. U. S. National Museum, Vol. II, pp. 292-298, Plates 1-IV. 

" Contributions to invertebrate paleontology No. 1 : Cretaceous fossils of the West- 
ern States and Territories," in Eleventh Annual Report U. S. Geological aud Geograi>h- 
ical Survey of the Territories [for the year 1877], pp. 273-319, Plates I-IX. Washing- 
ton, 1879. Describes a few fossils from the Cretaceous of Texas. 

"Contributions to invertebrate paleontology No. 2 : Cretaceous fossils from the 
Western States and Territories," in Twelfth Annual Report of the United States Geo- 
logical aud Geographical Survey of the Territories [for the year 1878], pp. 1-38 ; Ap- 
pendix, pp. 38,39, Plates XI-XVII. Washington, 1883. 

Notes on the Mesozoic aud Ceuozoic Paleontology of California. U. S. Geological 
Survey Bulletin 15, Washington, 1885. Describes the westward extension of fos- 
sils common to Texas. 

** On Mesozoic Fossils. Description of certain aberrant forms of the Chamidaj from 
the Cretaceous rocks of Texas." U. S. Geological Survey BuUetin No. 4, Washing- 
ton, 1884. 

** A review of the fossil Ostreidie of North America ; and a comparison of the fos- 
sil with the living forms," in Fourth Annual Report of the U. Sr Geological Survey^ 
pp. 273-333, Plates XX^IV-LXXXII, Washington, 1884, 
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of thoroagh scientific exploration will be contiuued uuder more 
()imte uietbods. Already several sbeeta of the topographic map 
been Issaed.' 

SUCCESSION OF SCIENTIFIC EXPLORATIONS. 
Diagram of taeoeifioa ofarat of laientifie exptoratioiu in Teta$. 
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II. SUMMARY OF RESULTS. 

TOPOGRAPHY. 

It is plain that the scientific investigations heretofore made in the 
State of Texas have been elementary and fragmentary in character. 
Especially does this become apparent when we contrast the small amount 
of work done with the size of the State. For instance, strata of the Cre- 
taceous period are found near both Texarkana and El Paso, although 
these cities are nearly eight hundred miles apart; but not a line is pub- 
lished noting a single dissemblance between the stratigraphic and the 
zoologic features of this formation between these two places, except the 
confessedly limited observations of Roemer, Marcou, Shumard, Schott, 
Parry, and Marcy. The contributions of others, especially those of 
a paleontologic nature, will remain unavailable until further verifica- 
tion. Many of the paleontologic descriptions of species are even with- 
out any locality, much less any detailed assignment to a stratigraphic 
horizon, and nothing has been done in the direction of tracing faunal 
or specific range and variation. For the stratigraphy even less can be 
said than for the paleontology, although a few sections of great value 
have been presented. It must be said, however, that stratigraphic 
work has been peculiarly neglected in this State. Even Roemer's great 
work, the best ever printed on the geology 6f Texas, does not give a 
single stratigraphic section, and we find extending through its otherwise 
almost incomparable pages a fundamental stratigraphic error whereby 
the value of the whole is impaired.^ 

The topography of the State, excepting the limited portion covered by 
the recent operations of the U. S. Geological Survey, is poorly delin- 
eated. The slope of the surface^ the directions of the streams, and 
the principal forest regions were known in a general way to the Span- 
iards long before the present century and were crudely delineated by 
Humboldt in 1804. The development of detail and the delineation 
of these features upon successive maps until the present time have 
been successively expanded and recorded by Kennedy, Roemer, and 
other individuals, the various land locating parties, railroad surveys, 
and military expeditions. The finer points of inland topography,* 

^ Roemer thought that the Crotaceons formations at the foot of the highlands be- 
tween New Brauufels extended beneath instead of resting unconformably upon them. 
2 The U. S. Coast and Geodetic Survey has carried its work along the immediate 
Goast line of the State. 
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such as triangiilation, determination of altitudes, meandering of streams, 
&c., have never been attempted until the recent operations by the U. S. 
Geological Survey, and even the coarser topographic features have not 
been correctly presented. For instance, it is utterly impossible at this 
writing to obtain an idea of the trans-Pecos mountain systems^ and no 
map makes a distinction between the hills or buttes east of that region 
and true disturbed mountain ranges. The chief defect in our topo- 
graphic knowledge of the State is incident to the fragmentary manner 
in which the same has been collected, no attempt having ever been 
made by the State of Texas to make a systematic map of its territory.^ 
The most accurate description of the topographic features is that of 
Loughridge, 1884, but even this fails to classify the natural divisions 
in a comprehensive manner. He says:^ 

III the State of Texas we fiud combiued a great diversity in both soil and topog- 
raphy ; * * * in topography, from the extreme of low and flat prairie lands and 
a very little marsh along the coast, by gradual transitions and elevations, to the chains 
and peaks of mountains on the far west [southwest J, whose summits are 5,000 feet or 
more above the sea. 

Several of the great agricultural regions that form so prominent a featore in the 
other Southern States have their termini in Texas, and are cut off on the southwest 
either by the prairies of the coast or by the great mesquite and cactus chaparral 
prairies of the Rio Grande region, or they abut against the eastern bluffs of the plains. 

The coast of Texas * * * is here bordered by an almost continnons chain of 
islands and peniusulas (the latter having the same trend as the islands). * * • 
The large estuaries that have been formed at the mouths of the streams, except the 
Sabiue, the Bio Grande, aud those of the Brazos section, form another feature pe« 
culiar to the Texas coast. The border lands of these estuaries are usually high, their 
almost vertical clay bluffs being washed by the waters of the bay, and the open 
prairies of the uplands often extend to their very edge. 

Mr. Gannett estimates the water area of the coast, bays, gulfs, &;c., to be 2,510 
square miles and that of the rivers and lesser streams at about 800 square miles. 

A general view of the State, as presented in two cross-sections, presents the follow- 
ing features : 

1. Along the Louisiana line, — From the mouth of Sabine River northward we find at 
first a small area of marsh lands, terminating the marsh region of Louisiana, and not 
occurring to any extent westward. Passing these, we come to the long-leaf pine 
fiats, extending westward only to the Trinity River, and being also the western ter- 

* The map representing the physical geography of Texas more minutely than any 
other is entitled "A. R. Roessler's latest map of the State of Texas, exhibiting 
mineral and agricultural districts, post-offices and mail routes, railroads projected and 
finished, timber, prairie swamp lands, &c. Authorities: Official maps of the United 
States and Texas State General Land Offices, surveys and reconnoissances of the U. S. 
Coast Survey, the various railroad surveys, U. S. Mexican Boundary Commission 
Surveys, U. S. Engineer Dept., and other authentic materials, compiled and dra^n 
by M. Y. Mittendorfer, C. E., 1874." Much of the excellent detail of this map was 
evidently made from data collected by the Shamard survey, of which Mr. Roessler 
was topographer.^ 

2 Tenth Census : Report on Cotton Production in the United States. Report on the 
Cotton Production of the State of Texas, Part I, pp. 653-831. 
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minas of the belt that extends across all of the Gulf States, the lower part of Florida, 
and along the Atlantic coast through North Carolina. Its surface iu Texas is quite 
level northward for about 50 miles, when the more undulating or rolling pine hills 
are reached, which also form a border to the pine flats just mentioned across the 
southern Gulf States. Thence northward to Red River the country is rolling and 
hilly, and is covered with oak, hickory, and short-leaf pine — a region that extends 
eastward through Louisiana, Arkansas, and the northern part of Mississippi into 
Tennessee. This region passes southwestward, becoming more and more narrow, 
until it tapers off to a point 100 miles from the Rio Grande, and also includes the belt 
of the red Tertiary hills of the other States that probably terminates on the south- 
west in Guadalupe County. 

2. From the coast in anorthtceat and west direction, — The mainland coast of Texas pre- 
sents a very irregular outline, with its many bays, peninsulas, and islands, and but a 
small proportion of the mainland reaches the waters of the Gulf. As before stated, 
there is scarcely any marsh land on the coast west of the Sabine marshes. 

For a distance of from 50 to 100 miles inland from the coast the country is very 
level, with open prairies, whose continuity is broken only by the timbered streams, 
with occasional strips or " motts " or clumps of timber, and by the broad and heavily 
timbered alluvial or " sugar bowl " region of the Brazos. 

The rise, slight and very gradual inland from the coast, is almost imperceptible for 
many miles, when the country becomes undulating and then rolling, and the prairies 
give way to the more or less broken and hilly oak and pine uplands, which cover all 
of the northeastern part of the State, as already mentioned. The country rises rap- 
idly to the north and northwest, reaching an elevation of several hundred feet along 
the western edge of the timbered region, and is interspersed throughout with small 
*^ brown loam prairies.'^ Leaving the timber lands and continuing northwest we 
find a region of " black waxy prairies," underlaid by the Cretaceous ** rotten lime- 
stone," extending southwest to San Antonio and thence west to the foot of the plains. 
Northward this region passes through the southern part of the Indian Territory into 
Arkansas. These prairies are at first, on the east, rather level, or at most undulating, 
with an altitude of 500 or 600 feet, but westward become more rolling, hilly, and 
broken, until finally, on their western limits, high and bald hills and peaks stand out 
in bold relief at an elevation of nearly 1,000 feet above the sea. The monotony of 
these interior prairies is broken by the timbered streams and on the north by the 
wide belt of "lower cross timbers," which reaches from the Red River to the Brazos 
in an almost due south course. Otherwise there is very little timber to be seen. 

At the western edge of the northern half of the black prairie region there is another 
belt of cross timbers,^ interspersed with small, black. Cretaceous prairies, very irregu- 
lar iu outline and in width, and beyond it is the broad red-loam and paitly timbered 
region, comprising high ridges, mesquite prairie valleys, and broad tablelands, the 
country gradually rising to the foot of the high plateau of the Llano Estacado, several 
thousand feet above the level of the sea. This region terminates on the southwest 
against the bluffs of the plains south of the Llano Estacado, and a large area pene- 
trates southeastwardly almost across the black prairie region. 

On the northwest there is a large, extensive region, lying wedge shaped, with its 
point south, between the red loam lands and the Llano Estacado, and comprising the 
great gypsum lands of the State, with high and rolling prairies, whose uplands are 
largely destitute of timber. 

To the westward the broad, level, and bare plains of the Llano Estacado occupy 
a terrace with abrupt bluffs on the north, some 200 feet above these regions, and with 
a gentle rise pass out of the State into New Mexico on the west and to the mountains 
on the southwest. Deep canons have been cut into the eastern part of this plateau 

^Mr. Loughridge places this edge of the black prairie too far west. It ends at the 
eastern edge of the lower cross timbers. 
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by the headwaters of the large rivers of the State, but to the west there is only a 
vast, treeless plain, more or less undulating, with a few low but prominent sand hills 
and ridges. 

On the extreme west, between the Pecoe and the Rio Grande, the country reaches 
its maximum height, with several chains of almost treeless mountains rising several 
thousand feet above the general level, and separated from each other by broad and 
level x>1ains 20 or 30 miles in width and almosi destitute of vegetation. These mount- 
ain ranges enter the State from New Mexico. Southward the plains extend along the 
Rio Grande to a point a little south of its junction with the Pecos. Thence to the 
Gulf are broad and high prairies, broken by deep arroyos or ravines, and with little 
growth other than occasional live oak trees and great chaparrals or thickets of thorny 
shrubs. 

CLASSIFICATION OF TOPOGRAPHY OP TEXAS. 

For convenience of discussion I broadly classify the general topog- 
ra])liy of Texas as follows : 

First. The coastal plain, representing the continuation of the topo- 
graphic features of the other Gulf States, so far as they represent the 
sedimentation of the former waters of the Upper Cretaceous outlines of 
the Gulf of Mexico, the topographic and geologic boundaries coinciding. 
In Texas this approximately coincides with a line drawn concentric with 
the Gulf coast about 200 miles inland. 

Second. The black prairie region, a triangular area immediately suc- 
ceeding the foregoing to the west. It is also a southern continuation of 
similar topographic and geologic features of Arkansas, Mississippi, and 
Alabama. Its western boundary extends from Eagle Pass via Austin 
to Denison, on Eed Eiver. It is a level or gently undulating prairie, 
with a general slope to the southeast and an altitude of from 500 to 750 
feet. The underlying strata are uniformly Cretaceous and of a horizon 
that will be described elsewhere. 

Third. The central or denuded region, embracing all the country 
between the escarpment of the plains and the black prairie region 
and north of the hydrographic basin of the Colorado. This region com- 
prises a number of geologic formations and is between 600 and 2,000 
feet in altitude. 

Fourth. The plateau region, comprising the Llano Estacado. It is a 
continuation from the northward of the topograpliic and geologic feat- 
ures of the great plains along the eastern slope of the Rocky Mountains. 

Fifth. The mountainous or traus-Pecos region. This consists of the 
country in Texas and Northern Mexico adjacent to the disturbed area 
of the southern or southeasterly prolongation of the Eocky M#unt- 
ains. It is chiefly west of the Pecos, in Texas, but crosses into Mexico 
west of that river, again recrosses the Eio Grande east of it near Eagle 
Pass, and continues until a few miles south of Laredo. 

Each of the areas has a well marked individuality, although the 
boundaries between them cannot always be closely defined. 
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Chart illustrating the progressive classification of th^ topographic featured of Texas, 



Kennedy, 184L 


Ferd. von 
Roemer, 1848. 
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The level region 
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ohes Land). 


R. H. Loughridge, 
1884. 
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lands. 


(1) The coastal plain. 
Pine lands. 
Pine, oak, and 

hickory lands. 
Prairies of East 

Texas. 
Coast alluvium. 
Southwestern 

prairies. 
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of coast plain of 
Louisiana, Arkansas, 
Mississippi, Ala- 
bama, &.C. 
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dulating re- 
gion. 


Hill land, or 
rolling or un- 
dulating re- 
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gelland). 




(2) Black prairie re- 
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Louisiana. 
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Cross timbers. 
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lands of Cen- 
tral Texas. 

Northwestern red 
loam prairies 
and timber 
lands. 

Gypsum prairie 
region. 


(3) Central or denuded 
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Cross timbers. 
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Grand prairie. 
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Granite region. 
Gypsum lands. 
Red prairies. 
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Grande. 


Monntainous 
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sand hills). 
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Rocky Mountain-', 
British America to 
Southern Texas. 


■ 
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nitic mountains 
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of Rio Grande. 


(5) Mountainous or 
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River and Lower 
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tion of mountain 
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ico. 



HISTORIC GEOLOGY AND STRATIGRAPHY. 

In the following table arc given, from the writings already mentioned, 
the members of the geologic series that have been reported from Texas. 
The authority for some of these groups is slight and untrustworthy, but 
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nevertheless they have b^en thus published. Many of the subdiNisions 
are synonyms of different authors, which will require extensive field 
work for positive identification and correlation. 

Geologic formations reputed to occur in the State of TtxaSy with authorities. 



Era. 



reriod. 



Quaternary 



Sabperiod. 



Recent * 



Local formations. 
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Senonian * 



Senonian * 
Turonian ' 



Greensaud * . 
Keocomian' 



Xrarami«,* Eolignitic^ 

Kreidedes Hochlandes* 

Comanche Peak group* 

Waahita Limestone '* ' 

Kreide am Fnase des Hochlandes * . . . 
Ripley group ^ *, Austin Limestone. 

Rotten Limestone' 

Dakota Sandstone * 

Washita Limestone * 

Comanche Peak group ' 



1 and 2 
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3 
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3 
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Jurassic^ 



Triassic* ... 
Jura-Trias'. 
Permian^t*. 



Wfuhita Limestone ' . . . 
Conianche Peak group * 

Staked Plains* 

Kxy psum region * 

Red beds ^ 

Upper Carboniferous '. . 
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3 and 4 
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Permo-Carboni ferous 
Permian^* ^ 



Upper Carboniferous. 
Sub'Carboni/erous* . . 



Upper Carboniferous " 
Trans-Pecos region . . . 
C Central region * 

I Trans-Pecos region * 
Brazos Coal Field « - . . 
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Devonian*. 



Central region 






Cincinnati*.. 

Chazy» 

Calciferous lo 



3 and 5 
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3 and 5 



08-^ 
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Potsdam *» 



3 and 5 



Llano *<>. . 

A20t0»... 
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NOTB.— Authorities : » Ferdinand Roemer ; «G. G. Shnmard ; ' Jules Marcou ; *B. F. Shumard ; » R. H. 
Loughridge; •E.D.Cope; 'Angelo Heilprin; « James Hall; »C. A. Ashburner; i»C. D. Walcott. 
Names of local formations, in italic, as applied by the writers referred to are no longer accepted. 
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SO-CALLED ABCHEAN AND EABLIEB PALEOZOIC STRATA. 

The older rocks of the geologic series are found in both the central 
and the trans-Pecos area, bat they have been studied chiefly in the for- 
mer and little or nothing is known of their exact occurrence in the 
latter. 

A few miles south of the present geographic center of the State, in 
the counties of Mason, Llano, Burnet, and San Saba, is an outcrop of 
so-called Archean and earlier Paleozoic rock. This region was known 
to the Spaniards and was evidently considered by them of much min- 
eral importance. Kennedy ^ first intimated its geologic age and Roomer 
,was the first to give an intelligent description of it. Dr. B. F. Shumard 
confirmed Eoemer's work, but its true stratigraphic relations were not 
understood until lately studied by O. D. Walcott, of the U. S. Geolog- 
ical Survey. Of these Paleozoic strata Mr. Walcott says : ^ 

At all localities where the base of the Potsdam was observed it* rests unconform- 
dbly on a great formation that is stratigraphicaUy the equivalent of Powell's Grand 
Cafiou series (Grand CaQon and Chuar groaps).^ In the Grand Ca&on of the Colorado 
the latter are overlaid by the Tonto gronp, a series of rocks in both lithologic and 
paleontologic characters singolaily like the Texas Potsdam group. 

For this series of pre-Potsdam strata the local name of Llano gronp is proposed, from 
the best exposures of the gronp occurring in th« county of Llano. Outcrops also occur 
in Burnet, Mason, San Saba, Blanco, and Gillespie Counties. 

Mr. Walcott speaks of " extrusions of granite at or near the close of 
the erosion of the Llano group and before the deposition of the Pots- 
dam," and says further :" It is to this age that the great masses of granite 
observed in Western Burnet and all through Llano County belong.'^ 
The early students of these strata supposed that the outcrops of 
eruptive and granitic rocks were ^zoic or Archean, and that they were 
the base of the entire series. Mr. Walcott showed that there are no 
rocks there exposed of the undoubted Archean and that the granites 
before referred to that era were not fundamental, but extrusive, and 
since his deductions are based upon more careful stratigraphic study 

* Texas : The Rise, Progress, and Prosiiects of the Republic of Texas, Vol. I, pp. 
114 et seq. 

2 ** Note on Paleozoic rocks of Central Texas," Am. Jour. Sci., 3d ser., Vol. XX VIII, 
l)p. 431-433, 1884. 

3 In a later paper Mr. Walcott refers these groups to the Keweenawan, and says : 
** The Keweenaw system is here used to include the Keweenaw series of the Lake 
Superior region, the Llano series of Texas, and the Chuar and Grand Canon series of the 
Grafld Caflon of the Colorado, Arizona, and is considered of equal value with the 
Cambrian, Low^r Silurian (Ordovician), Upper Silurian, and other systems of the 
Paleozoic rather than the Archean. It may bo that the Keweenaw and Grand Cafion 
series belong to distinct systems of strata, but until this is proven I prefer to i)ro- 
visionally refer them to the pre-Cambrian, post-Huronian system. I think the Grand 
CaiVon and Llano strata belong to one system."— "Classification of the Cambrian 
System of North America," Am. Jour. Sci., 3d ser.. Vol. XXXII, pp. 1:38-157, 1886. 
The extract forms a note on p. 153. 
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than those of his predecessors they are more trustworthy, Accordiug 
to him these earlier Paleozoic rocks consist of the following : 

(1) The Llano group. — Alternating beds of shale, sandy shale, sand- 
stone, limestone, and schists ; thickness not determined, bat probably 
over 2,000 feet ; continuity broken by extrusive sheets of granite of pre- 
Potsdam origin ; stratification disturbed by movement at the close of 
the Paleozoic, whereby the dip increases from 10^ at the north end of 
the ridge to 40^ at the south end ; strike, eastward ; unfossiliferons. 

(2) The Potsdam group} — Consists of massive sandstone, lipiestone, 
and Potsdam sandstone, marked by abundant Upper Cambrian (Pots- 
dam) fauna. 

(3) The Calciferous group. — Lower Silurian, with its characteristic 
fauna. 

(4) The Carboniferous group, which was not here studied in detail. 
From the observations of Mr. Walcott it is evident (a) that there are 

no Archean exposures yet known in Central Texas (this being the only 
Paleozoic region yet studied) 5 (b) that the pre-Potsdam, the Silurian, and 
the Carboniferous groups are represented ; (c) that the Devonian is ab- 
sent ; (d) that the age of the so-called Archean granites is Paleozoic ; (e) 
that there were two well marked epochs of disturbance, one after the close 
of the sedimentation of the Llano group and the other near the close of 
the Paleozoic; (/) that the Llano group is the equivalent of the Grand 
Canon and Chuar groups of Powell, and hence at the time of their depo- 
sition the sedimentation was continuous to the westward of the Grand 
Caiion. 

The Paleozoic strata, excepting the Carboniferous, have only a lim- 
ited outcrop in Texas, so far as has been discovered. The disturbed 
areas of the Wichita Mountains, in the southwestern corner of Indian 
Territory, theoretically present every favorable condition for the pres- 
ence of similar exposures, but no evidence of their existence has been 
reported, except the similarity of their granitic structure.* 

The large trans-Pecos disturbed mountain area also presents expos- 
ures of early Paleozoic strata, as has been reported by G. G. Shumard, 
Jenney, Kimball, and members of various government expeditions. 
Concerning the occurrence of the Lower Silurian in that region, Dr.- 
G. G. Shumard said of the valley of the Eio Grande above El Paso : ' 

The limestone of the Lower Silurian system is seen strongly upheaved against the 
western base until we reach a point ten or eleven miles north of t he place whore it 
was first discovered, when it disappears and is succeeded by strata of the Carbonif- 
erous system, which are exposed in places to the thickness of about three hundred 
feet. Against the western declivity, £1 Paso Mountains, the limestone strata are 
strongly upheaved, and where it is in immediate contact with the eruptive strata it 

' Well described by B. P. Shumard, Am. Jour. Sci., 2d ser.. Vol. XXXII, pp. 213-221, 
1861. 

^See numerous references in Exploration of the Red Biver of Louisiana in the year 
J852, by Randolph B. Marcy, 1854. 
'Trans. Acad. Sci. 8t Louis, Vol. I, p. 288. 
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is highly metaiuor]»hosed. I was much interested by finding hete, near the base of 
the exposure, well marked strata of the inferior Silurian system, corresponding in- 
age to the blue limestone of Cincinnati and the Hudson River group of the New 
York series. The following fossils were procured froin these, bods : Orthis testudinaria 
Dalman, O. ocoidentaltM Hall, Bhynchonella oapax Conrad, Rhynohonella (a species of the 
blue limestone of Cincinnati), Streptalaama cornioula f Hall, and columns of crinoids. 

Every reason exists for the sapposition that the Cambrian strata are 
exposed there, bat no surveys of the region have been made.^ Walter 
P. Jenney ^ gives a section of the rocks north of El Paso, two miles, in 
the Organ Mountains, and recognizes there the following formations in 
descending series : Carboniferous, or Niagara, deposited unconforma- 
bly upon a coarse conglomerate, which he thinks probably equivalent 
to the Oneida conglomerate of !N"ew York ; gray limestone of the Hud- 
son period 5 black limestone representing the Trenton, the Chazy, the 
Calciferous sand rock, and the Potsdam. He finds similar rocks in the 
Hueco Mountains, twenty miles north of the Organ Mountains, and con- 
cludes that "the greater part of the Upper Silurian and the whole 
of the Devonian periods are unrepresented in the rocks of Western 
Texas.'' He notes an immense development of the Carboniferous strata 
in the Sacramento and the Guadalupe Mountains, and of syenite at 
Los Comudos. He also gives a section of the Llano Estacado as ex- 
posed at Castle Canon and affirms their Cretaceous age ; the highest 
he makes the Caprina Limestone of Shumard. He erroneously con- 
cludes that the denuded Cretaceous buttes east of the plains almost as 
far as Austin " were islands in the sea which produced the denudation, 
their tops showing no evidence of having ever been submerged, and 
in some cases wave worn cavities extend at the same height along 
their sides.^ 

CABBONIFEBOUS SYSTEM. 

The absence of the Devonian from the stratigraphic series in Texas 
has been noted, first by Roemer and later by Walcott and others. Dr. 
S. B. Buckley asserts in one of his reports that Dr. B. F. Shumard had 
previously announced the occurrence of the Devonian strata in Texas, 
but I have failed to find such a statement in any of Shumard's publica- 
tions. If the Devonian is not represented, then it is evident that the 
Carboniferous strata are next in order after the Silurian. This fact was 
demonstrated by Roemer, who first noted the positive occurrence of the 
Carboniferous strata in Texas resting upon the older rocks along the 
San Saba River. He formed no idea of the extent of these rocks, how- 
ever, and was not aware of their great development northward. 

It is now evident that there are two widely separated areas of the 
Carboniferous strata in Texas, each of which has well marked individ- 

^ C. H. Hitchcock's geological map of the United States gives a largo Cambriau 
area in the trans-Pecos region of Texas. 

* " Notes on the geology of Western Texas near the thirty-second parallel, by Wal- 
ter P. Jenney," Am. Jour. Sci., 3d ser., Vol. VII, pp. 25-28, 1874. 

'These buttes are the remnants of aubaerial ero^\o\i ^ii\>vT^\^. 
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uality. These I will describe sei^arately under the names of the Cen- 
tral Carboniferous area and the trans-Pecos Carboniferous area. 

The central Carhoniferotts area. — This is a comparatively narrow bat 
elongated area of exposures, continuing from Indian Territory, between 
the ninety-eighth and the one hundredth meridian. Its eastern border 
is limited by the upper cross timbers. The extent of this area in Texas 
is some two hundred miles north and south between the Colorado River 
and the Red River. Geologically it may be said to extend along the 
axis of greatest denudation from the point of greatest disturbance, in 
Llano County, to the connection with the great Missouri coal field in 
Indian Territory. The latitudinal development of exposures is of vary- 
ing width, owing to the irregularity of the denudation of the superin- 
cumbent Cretaceous strata, and other causes. The exposure widens, 
however, towards its southern base. At no place does it exceed one 
hundred miles in width. Exposures have been noticed in Young, Jack, 
Montague, Stephens, Shackelford, Palo Pinto, Baylor, Wise, Coleman, 
Brown, Comanche, Runnels, McCulloch, Tom Green, and San Saba 
Counties. Its exact boundaries are unknown. The exposures of these 
strata are the result of denudation of the Cretaceous, which once cov- 
ered them entirely, and I have noted on the preceding pages the history 
of the discovery of this area. Dr. Roemer's determinations were based 
upon stratigraphic and paleontologic data and he did not discover the 
existence of bituminous coal. Various Army officers have noted the 
occurrence of coal to the northward, but it was first clearly described 
by Dr. G. G. Shumard in his remarks accompanying Marcy^s report on 
the exploration of the Red River of Louisiana (1854). Mr. Jules Mar- 
cou the next year contributed much toward a knowledge of the geo- 
logic and stratigraphic relations and in subsequent maps intimated the 
continuity of the Young and San Saba County areas. Dr. B. F. Shumard, 
as State geologist (1858), was the first to demonstrate in the field the 
actual continuity of the two regions, concerning which he contributed 
nearly all we know. The local occurrence and the general extent hav- 
ing been proved by these earlier reconnaissances, there still remains 
much to find out concerning nearly all the geologic data of the re- 
gion. Prof. C. A. Ashburner, of Pennsylvania, in a study of the north- 
ern portion of these coal fields in 1879, made the following section of 
the strata in the vicinity of Fort Belknap, Young County :^ 

Feet. 

Sandstone and conglomerate 40 

Coal 1 1 

Sandstone and shale 12 

Coal 1 

Sandstone and shale with occasional beds of limestone 15 

Belknap coal bed 2^ to 4 

Sandstone and shale 12 

' '» Brazos coal-field, Texas," Trfux*. Am. Inst. Mining Eng., Vol. IX, p. 497, IJ^BO-'Sl. 
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Foot 

Coal 1 1 

Gray slate 10 

Sandstone 25 

Brazos coal bed 4toH 

Gray limestone 150 

From the above section he made the following deductions : 

This succession of the strata is not nnlike that to be found in many localities where 
the Carboniferous rocks are found in the Middle States. It seems to point clearly to 
the conclasion that the top sandstone and conglomerate is the representative of the 
Carboniferous conglomerate or Millstone Grit; that the limestone is the sub-Carbooifer- 
ous or Mountain limestone, known generally throughout the Mississippi Valley as 
the Saint Louis or Chester limestone, and that the included Coal Measures are really 
subconglomerate. 

His final conclusions are summed up at the close of the paper just 
quoted as follows : 

The Brazos coal field is the southwestern limit of the Missourian or fourth bitu- 
minous coal basin of the United States. The Coal Measures of Stephens and Young 
Counties belong to the Carboniferous age. The coal strata proper are 85 feet thick, 
and are included between an upper sandstone and. a conglomerate, representative of 
the Millstone Grit or Potts ville conglomerate No. 12 of the Pennsylvania series, and 
a lower gray limestone, representative of the Mountain limestone or Chester and 
Saint Louis limestone of the Mississippi Valley. The coal strata contain two coal 
beds of workable thickness. The upper bed, named Belknap, ranges from 2^ to 4 
feet; and the lower, named Brazos, from 4 to 6 feet. The coals are high in ash and 
sulphur, but have never been thoroughly tested. The Brazos bed underlies a gn^at 
area and will no doubt prove to be a valuable commercial coal in some localities. 

The southern portion of these central exposures has not been so 
well studied, and we have nothing but analogy from which to infer ^ 
that there they are practically the same, except that the carbonaceous 
layers in that region become almost if not quite extinct. 

Dr. Buckley reports coal from this southern region, but he was not 
an authority on the subject of coals, not having had a clear idea of the 
distinction between the true coals of the Carboniferous and later West- 
em formations and the lignite of the Mississippi area, which is known 
to occur in near proximity .^ 

The tranS'Fecos Carboniferous area. — Along the disturbed axes of the 
Irans-Pecos mountainous region extensive beds of limestone have been 
frequently noted by reconnoitering parties. The knowledge of the to- 
pography of this area is very limited, and, this being true, it is evident 
that little can be known of the distribution of the geologic formations. 
That Carboniferous rocks occur in this region has been recorded by 
many observers, but very little is yet known of their true nature, except 
that they usually consist of massive limestone, are barren of coal seams, 
and that they occur along the disturbed and denuded mountain re- 

» '' Brazos coal-field, Texas,'' Trans. Am. Inst. Mining Eng., Vol. IX, p. 506, 1880-^81. 
* See discussion of coals. First Report of Progress, Geological and Agricultural Sur- 
vey of Texas, B. F. Shumard, State geologist, Austin, 18G5. 
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gions. These rocks are probably a cOntianation of the New Mexicau 
Carboniferous, as has been noted by Marcou and others.' 

Two expeditions have supplied some details concerning this region, 
but our knowledge of it is still very general. One expedition recorded 
the Carboniferous as it occurs near the Eio Grande, the other as it oc- 
curs approximately along the thirty-second parallel. The observers 
were Dr. C. C. Parry,* of the Mexican boundary survey, and Dr. G. G. 
Shumard,^ of Capt. John Pope's expedition for boring artesian wells iu 
the Great Plains. The collections of both of these gentlemen fell into 
the hands of good geologists, and reports were written upon them by 
Prof. James Hall* and Dr. B. F. Shumard,* respectively. 

Dr. Parry, in his remarks,^ gives the following general facts conceru- 
ing the occurrence of this formation along his line of observation: 
The first disturbance, traveling westward from San Antonio to El Paso, 
is Sierra Diablo, or Limpia Eange, near Fort Davids. The elevation 
at Leon Springs, the last point upon the horizontal, undisturbed Creta- 
ceous strata before reaching this range, is some 2,200 feet above San 
Antonio,^ givifig an average rise of seven feet to the mile and a total 
elevation above the sea of 2,788 feet. 

This range is characterized at nearly all the separate points noticcl 
by Dr. Parry by the presence of igneous rocks accompanied by ineta- 
iriorphic rocks and strata of sedimentary character, which Professor 
Hall considered to be of the Carboniferous period. The dip varies, but 
is generally to the southwest. From this range westward to El Paso 
there are several other mountainous elevations and intervening plains, 
the former being of the character of the L?mpia Range just mentioned 
and the latter consisting of alluvial deposits, the detritus from the 
surrounding mountains. At EL Paso the character of the region agaiu 
changes, a greater disturbance being noted. On the Mexican side the 
various formations, stratified and igneous, are blended and intermixed 
in great confusion, while on the American side the strata consist of 
stratified limestone dipping W.SW., in the face of which rest igneous 
outbursts associated with the disturbed Cretaceous beds.'' This lime- 
stone was determined by Professor Hall to belong to the Carboniferous 
series, being a continuation of that above noted. 

* Described in Report U. S. Geog. Siirv. West of One Hundredth Meridian, under 
charge of Capt. G. M. Wheeler, Vol. Ill, Snppleraent, Geology. 

« See Report U. S. and Mexican Boundary Survey, Vol. I, Part II. 
** See Trans. Acad. Sci. St. Louis, Vols. I and II. Numerous papers by both Dr. 
G. G. and Dr. B. F. Shumard. 

* Observations on the Carboniferous limestone of the Boundary Survey collections, 
and its relations with the Carboniferous limestones of the Mississippi Valley. Av 
James Hall, in Report U. S. and Mex. Bound. Surv., Vol. I, Part II, p. 122. 

^ Trans. Acad. Sci. St. l^ouis. 

6 Report U. S. and Mexican Boundary Survey, Vol. I, Part II, p. 4. 
' Ibid. , p. 8. • 
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CoDcerning its age, he said:^ 

Tbo Carboniferous limestone so often mentioned in the preceding pages, and which 
has been usually referred to in published reports as '^Carboniferous limestone " and 
:i.s Lower Carboniferous limestone, is actually of the same age as the Coal Measures. 

* * * In all the collections which I have examined from Texas and New Mexico, 
utid from points farther north in the same line, and particularly in the collections 
iiiudo by Captain Stansbury on his route from the Missouri to the Great Salt Lake 
and in that region, I have never observed fossils which are characteristic of the Lower 
Carboniferous limestone.^ 

Dr. G. G. Shumard's observations of these strata along the thirty- 
second parallel agree with those of Parry in general respects. Along 
this route he repeatedly found exposures of the Carboniferous strata, 
where he crossed the disturbed mountain chains of the Guadalupe, 
the Oornudos, the Sierra Alta, the Sierra Hueca, and the El Paso 
Moiintains, respectively. In addition to the features noticed by Parry 
be observed the Lower Silurian (Cambrian!) underlying the Carbonifer- 
ous 'to the north of El Paso and elsewhere. 

Ho noted the following stratigraphic features of the region : 

(1) It is underlaid by a granite bearing series (the jjlano Group of 
Walcott!). 

(2) The Carboniferous in some places rests conformably upon the 
Lower Silurian strata. 

(3) The Cretaceous rests unconformably upon the Carboniferous. 

(4) The Paleozoic strata of the region are greatly disturbed. 

(5) The occurrence of characteristic fossils of the Coal Measures 
proves the age of these strata. Here, however, they were purely ma- 
rine, the rocks being almost entirely of limestone and the fossils charac- 
teristic invertebrates similar to those of the Carboniferous of Missouri 
and Illinois. 

Above these rested a later series, which he and his brother, Dr. 
Benj. F. Shumard, called the Permian,' containing fossils having many 
characteristics of Permian fossils and similar to the rocks of the same 
nature reported by Swallow and Horn and by Meek and Hayden in 
Kansas. Other species were said to be identical with characteristic 
Permian fossils of England and Kussia and many were new to science. 

Upon comparison with the Llano County strata, as noted by Roemer, 
Shumard, Walcott, and others, it will be seen that they have some 
common features. The distance between these two areas of disturb- 
ance, from Llano County to the intersection of the Guadalupe Mount- 
ains- and the thirty-second parallel of latitude, is 300 miles, and the in- 
tervening surface is occupied by nearly horizontal undisturbed series 
of Mesozoic rocks, which at each place arei unconformable with the 

» Report U. S. and Mex. Bound. Survey, Vol. I, Part II, pp. 122, 123. 
• ^, This opinion of Professor Hall has heen confirmed by observations of the exten- 
sion of these strata farther north. See U. S. Geog. Surv. West of the One Hundredth 
Meridiftn, in charge of Capt. G. M. Wheeler, Vol. Ill, Supplement, Geology. 
3 Concerning these Permian strata I shall say more in the following pages. 
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Carboniferous, indicating beyond doubt that there was a period of 
great disturbance at the close of the Paleozoic. 

It is very doubtful whether the Carboniferous strata of this region 
of the State are of economic value. Coal deposits have been discov- 
ered within the past few months very near the region visited by Dr. 
Shumard,^ but their horizon is not announced.^ Coals have also, been 
reported north of El Paso, but their place in the geologic scale is Creta- 
ceous, coal not now being considered as representing the Carbonifer- 
ous age unless accompanied by stratigraphic or paleontologic proof. 

General conclusions, — From the foregoing resumd of investigations of 
the Texas Carboniferous the following general facts are evident : 

1. It occupies two widely separated areas the relation of which is 
unknown. 

2. The first or central area consists of coal bearing strata and is allied 
by geographical continuity to the coals of Indian Territory, Arkaisas, 
Missouri, Iowa, &c. 

3. The second or trans-Pecos area belongs to the great western de- 
posit of non coal bearing, marine Carboniferous of the West. 

4. Both of these areas are greatly disturbed and the Cretaceous is 
deposited uuconformably upon them. 

5. Although one distinguished authority has announced the presence 
of sub-Carboniferous strata in Texas, their existence has not been dem- 
onstrated,^ and both areas probably belong to the later Carboiiiferons, 
the trans-Pecos graduating into almost Permian facies. 

THE SO-CALLED PERMIAN* OR PERMO-CARBONIFEROUS. 

The term Permian has for many years been applied, with much in- 
deliniteness, to certain Texas strata, and it is difficult to form from 

1 Sierra Blauca. 

2 It is now kaowQ that these coals are later Cretaceous. 

^Prof. C. A. Ashburuer announced that the limestone at the base of his section (see 
p. 59) was sub-Carboniferous. Prof. W. F. Cummins, of Dallas, Tex., first called my 
attention to the fact that Mr. Ashburuer was probably mistaken. From x)er8oiial 
observation I have also good reason for doubting its existence. Not a single sub-Car- 
boniferous fossil has been found in Texas, and the limestone of the Central Coal 
Measures bears great lithologic and faunal resemblances to that of the non coal bear, 
log western strata. 

* The word Permian has been applied for many years to various strata in the great area 
between the western boundary of the exposures of the Missourian or fourth coal 
basin of the United States and the Sierras, especially in the States of Texas and Kan- 
sas, the Territories of New Mexico and Arizona, and in Indian Territory. Prof. J. S. 
Newberry, at the meeting of the International Geological Congress at Berlin (1885), 
asserted that he believed no P§rmian strata to exist in the United States. Whether 
the existence of Permian strata here can be proved or not I cannot say, but it has 
been clearly demonstrated that sedimentation was going on in this country synchro- 
nously with the deposition of the Permian of Europe. That this sedimentation was 
different from the European in lithologic and organic characters is true. 
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pablishod writings even a general idea of what was intended by those 
who have most frequently used it. 

It Jias been applied by different authors^ to at least two entirely ilis- 
tinct geologic horizons occupying widely separated areas. Although 
one of these has been described with comparatively much more distinct- 
ness than the other, there is still much clanger of confounding the two. 
'No paleontologic or stratigraphic data have ever been produced show- 
ing any relation between them. 

The trans-Pecos region of Shumard. — The lirst locality to which the 
term Permian was applied was the region west of the Pecos lliver, near 
the Eio Grande, occupied by the disturbed outliers of the Rocky Mount- 
ains, known as the Guadalupe Eange or Eanges. 

At a meeting of the St. Louis Academy of Science, held March 8, 
1858, the following report was made: ^ 

Dr. Benjamin F. Shumard stated that since lie had examined Major Hawn's coUec-- 
tion from the Permian rocks of Kansas he had studied a series of fossils from the 
White Limestone of the Guadalupe Mountains, New Mexico, which were obtained by 
his brother, Dr. G. G. Shumard, while acting in the capacity of geologist of the Gov- 
ernment expedition, under Capt. John Pope, for obtaining water by means of arte- 
sian wells along thp line of the thirty-second parallel, and that he had arrived at the 
conclusion that these also were of Permian age. This White Limestone, he remarked, 
contains a number of fossils that are identical with Permian species of England and 
Russia, while others are near analogues of eharactoristic Permian forms of those 
countries ; several are also identical with Permian species, described by Professor 
SwaUow,' from Kansas. The collection contains well marked examples of AaloategeB, 
a, genus that has not been recognized in formations below the Permian. The species, 
however, were distinct from the English and Russiau forms. There are specimens 
which agree perfectly with the descriptions and figures of Camarophoria Schlotheimi, 
C, Geinitziana, and Productus Leplayiy as given by Verneuil and King ; also a Pro- 
ductus very analogous, if not identical, with Productus Canorini, and a Terebratula, 
that agrees with T, superstes of Verneuil in every respect except that the dorsal 
valve of the American fossil is not quite so gibbous. There is also in the collection 
Terebratula elongata, Terehratula {Spirifera) pectinifera, Spirifer cristata, Aoanihooladia 
ancepSf Synooladia, and fragments of a Monoiis which approaches nearest to M. speU 
uncaria. Besides these, the collection embraces new species of Productus, Spirifer, 
Chonetes, Corals, IHlohites, and a slender Fusulina nearly two inches in length. 
Scarcely any of these fossils are positively identical with forms of our western [Mis- 
souri || Coal Measures. 

In subsequent papers* Dr. B. F. Shumard described these forms 
more at length, and his brother, Dr. G. G. Shumard, contributed an 
article*^ giving a very succinct stratigraphic description of the region, 

IB. F. and G. G. Shumard, 1860, and E. D. Cope, 1874. 

8 Trans. Acad. Sci. St. Louis, Vol. I, pp. 112-114, 1856-1860. 

3 Ibid., p. 111. 

* "Notice of new fossOs from the Permian strata of New Mexico and Texas, collected 
by Dr. George G. Shumard," &c.. Trans. Acad. Sci. St. Louis, Vol. I, pp. 290-297; 
"Notice of fossils from the Permian strata of Texas and New Mexico," &c., ibid., 
pp. 387-415. 

^Observations on the geological formations of the country between the Rio Pecos 
and the Rio Grande, in New Mexico, near the line of the thirty-second parallel, &c., 
ibid., pp. 273-289. 
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According to the latter the white, gray, and other colored limestones 
forming this series have a thickness of over a thousand feet, are 
greatly disturbed, and have a varying dip. 

The extent of these exposures is probably identical with that of the 
transPecos Carboniferous area already described, from which the rocks 
are stratigraphically inseparable. These occur entirely west of the Pecos 
lliver, so far as is now known, and between the Eio Grande and the 
thirty-second parallel. The only points where they have been positively 
noted are in the section of country from 30 miles west of the mouth of 
Delaware Greek to the mountains in the vicinity of El Paso, Tex.^ ap- 
proximately following the thirty-second parallel. The United States 
and Mexican boundary survey party noted the occurrence of similar 
rocks along a section parallel to the foregoing, but from one to two 
hundred miles to the southward. In the report of the survey, however, 
which was printed a year or two before Dr. B. F. Shumard's application 
of the term Permian, these strata were termed Carboniferous. That 
they are identical there is little room to doubt. 

Dr. Shumard pointed out many supposed resemblances to the so- 
called Permian of Kansas, and, if these are real, the two areas may be 
in some degree related. 

Concerning the western extension of this region little is definitely 
known, but good authorities think there is reason, to believe that it is 
more closely related to the Perrao-Carboniferous, as described in South- 
ern Utah and along the Grand Canon of the Colorado in Arizona, than 
to the Coal Measures of the Mississippi Valley and the Appalachian 
region. 

It would of course be impossible to make any definite statements 
about the equivalents of trans Pecos Permian, but it is highly probable 
that future investigation may demonstrate more clearly the above men- 
tioned resemblance. 

There is no reason to doubt that these rocks are a continuation of the 
Carboniferous sedimentation, and the remarks of James D. Dana^ con- 
cerning the Permian rocks of Kansas are equally applicable to them, 
to wit: They ^'are continuous with the Carboniferous without interrup- 
tion or unconformability, and yet are referred to the Permian because 
they probably belong to the Permian in geologic time or at least its 
earlier portion." Whether these strata are of the Carboniferous or of 
the Permian, they present paleontologic and stratigraphic features of 
a purely transitional group. If it is granted, however, that these Texas 
and Kansas strata are the highest Paleozoic beds in this country and 
if it is shown that they contain a commingling of typical Carboniferous 
and Permian species, the term Permo-Carboniferous would be the most 
appropriate one that can be applied to them. 

From all the literature we have upon the subject, it is evident that 
at the close of the time of the deposition of these trans-Pecos, Permo- 

1 Manual of Geology, p. 369. 
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Carboniferoas strata a great elevation had l)ee]i attained and that they 
must have remained a portion of a continental area for some time, when 
subsidence ensaed and the Mesozoic sediments were next deposited nn- 
conformably npon them. 

l!he Permian of Cope and his assistants. — The second area in Texas to 
which the term Permian has been applied (which it should' be remem- 
bered may belong to an apparently different horizon from the trans-Pecos 
region just described) is situated along the western boundary of the 
northern portion of the central area of Carboniferous exposures continu- 
ing into Texas from Indian ^^rritory approximately along the line of 
the one hundredth meridian and extending southward to the thirtieth 
parallel. 

Although this formation has frequently been alluded to in the writ- 
ings of Prof. B. D. Cope, Jacob Boll, and others, nothing has been 
printed concerning its stratigraphy or that of the surrounding country, 
except the fragmentary data which I have compiled and which I pre- 
sent in the following pages. 

From Prof. W. F. Cummins,^ of Dallas, Tex., I have learned that the 
term Permian was first applied to the region by Prof. William De- 
Byee, who occupied the ofBce of State chemist during the war of the 
rebellion. Upon what geologic evidence Professor DeRyee called the 
region Permian I have been unable to ascertain. The printed state- 
ment from his pen is as follows:^ 

To the Directors of the Texas Copper Mining and Manufacturing Company : 

Gentlemen: In accordance with instructions received at Weatherford on the 12th 
day of June [no year is given], I hereby transmit to you the following sketch of my 
researches in the Wichita copper region. The limited time which I was able to de- 
vote to it and the difficulties incident to an exploration of a comparatively unin- 
habited district will palliate its deficiency. After traversing, the Lias and Carbon- 
iferouB series northward of Weatherford, I was agreeably surprised by a grand pano- 
rama of the outcropping Permian formation. This system is extensively developed 
in Bossia between the Ural Mountains and the river Volga, in the north of England, 
and la Germany, where it is mined for its treasures of copper, silver, nickel, and co- 
balt ores. It has not heretofore been known to exist in this State, or has been mis- 
taken for the Triassic system, which is overlying the former to the southeast. Its 
hUls, which have been traced through Archer and Wichita Counties, resemble in shape 
the copper bearing and gossan crested upheavals in Ducktown, Tenn., but they 
are of different age and composition. They are nearly barren and, towering above 
the most beautiful mes(xuite prairies fringed by the finely timbered tributaries of Rod 
River, are exceedingly picturesque. The members of the Wichita system, as far as 
open to ocular inspection by outcrop or cross-cut, making allowances for climatic 
differences, correspond closely with the lower strata discovered at Perm and Mansfield, 
but its mineral resources are evidently more promising. 

I T ill I III III! I m^mmm^^^m^^m^mi i i_. ^— ^^^^— , 

1 This gentleman is the most thoroughly informed concerning the origin and history 
of the application of the term Permian, having been intimately connected with 
Messrs. Cope, DeRyee, and Boll, who applied it so frequently. , 

2 Charter and by-laws of the Texas Copper Mining and Manufacturing Company. 
A history of the company. Letter from the Department of the Interior, by Joseph S. 
Wilson, Commissioner. Prof. Wm. DeRyee's and W. F. Cummins's Geological Re^orta> 
Dallas, Texas, 1883, p. 6. 
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Then follows a description of the mineral products of the formation, 
throwing no light on its age or stratigraphy. 

The foregoing is the first and only description I have been able to 
find in print of the Permian of the Wichita region of Texas from the 
pen of the man who first applied that name to its geologic formation. 

In the same pamphlet are geological reports from Prof. Jacob Boll 
and Prof. W. F. Cummins. The former says (p. 11) of the geologic age : 

The company's land lies wholly within the transition period, especially within the 
lower Permian formation. 

The latter says, however (pp. 8, 9) : 

I had visited frequently before this trip the immediate country in which these 
lands are situated and had already determined the geological period to which Archer 
County belongs. Under an engagement with Prof. E. D. Cope, of Philadelphia, Pa., 
I have been for the last two years collecting fossil vertebrates of the Permian period 
in Archer and adjoining counties. Archer County is almost entirely within the lower 
Permian period. The rocks and clays of the Permian thin out to the south, where 
there is a fine presentation of the rocks of the upper Coal Measures. The Permian 
strata in Texas lie conformably above the Carboniferous measures ; in fact, the Per- 
mian and Carboniferous rocks constitute a continued series, so that it is impossible 
to determine just where one ends and the other begins ; but I am certain the lands of 
the company are wholly within the Permian, for I have collected fossils on these lands 
that are undoubtedly of that period. 

Prof. Jacob Boll made the first intelligible announcement of the Per- 
mian in Northwest Texas in a brief sketch in the American ]^aturalist 
for 1880.^ He mentioned his explorations of the previous field season, 
which extended over the entire length of Little Wichita Eiver and its 
confluents. As the result of this six months of exploration he an- 
nounced that he had discovered many new ^'plants andanimals, con- 
sisting of petrified ferns, fishes, and reptiles." These, he asserted, all 
belonged to the transitional period, and especially to the lower and 
upper Permian. 

Such is the meager testimony upon which the existence of the Per- 
mian in Texas was originally announced. I have been able to gather 
from a few scattering newspaper articles a better understanding of the 
region thus termed Permian. These articles were written by Prof. 
W. F. Cummins, an intimate friend and companion of Professor Boll, 
who accompanied him upon his journeys of investigation. The sub- 
stance of the observations given in these newspaper articles is here 
reproduced somewhat at length, as the original publications are now 
inaccessible to the public. 

In an article published in The Galveston Daily News, of December 
1, 1884, Professor Cummins describes a geologic expedition into the 
country which Professor Boll was exploring at the time of his death, in 
1880, in the vicinity of the Double Mountain Fork of the Brazos River, 
The principal object of Professor Cummins's journey was to discover the 

' Vol. XIV, p. 684, 1880. '- ~ 
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extent of the Permian formation in that part of the State. He had 
previously traced the formation from the Wichita Mountains, near Fort 
Sill, Indian Territory, southward to the South Fork of the Brazos Kiver. 
From the fact that Professor Cummins was such an intimate friend of 
Professor Boll, it is inferred that they had the same ideas concerning 
the use of the term Permian. According to Professor Cummins it 
would appear that — 

(1) On the west side of the Carboniferous exposure, from Fort GriflBn 
to the Clear Fork of the Brazos, there is a series of limestone hills simi- 
lar to those in Baylor and Throckmorton Counties, which he considered 
Permian from their stratigraphic position above the Coal Measures, al- 
though unable to determine from the poorly preserved fossils and " the 
character of the rocks." 

(2) At the base of these hills, on the east side of California Creek, 
are the " red marls of the Permian." 

(3) Four miles farther wewt, still at the base of the limestone hillsj is 
the vertebrate stratum,* which apparently has a wide extent and sel- 
dom exceeds two feet in thickness. Fossils are abundant in this stratum, 
*' over fifty species heretofore unknown to science having been described 
from these beds " by Professor Cope. 

(4) Twenty miles west of the above mentioned locality is Flat Top 
Mountain, presenting a vertical exposure of 250 feet. These rocks be- 
long to the Permian, but are geographically too high for the vertebrate 
strata, only a few poorly preserved shells having been collected.^ ^ 

(5) Twent3'-five miles north of the above mountain is Kiowa Peak, 
situated at the junction of Croton Creek and the Brazos Eiver. "A trip 
to the mountain disclosed the fact that it is of the Permian age. The 
whole mountain from top to bottom was a mass of saccharoidal gyj)- 
sum." Fossil vertebrates were collected in the vicinity. 

(6) At Double Mountain, to the south of the above mentioned locality, 
" the base of the mountain is gypsum, while at least two hundred feet 
above are Cretaceous, the Cretaceous shells being abundant and well 
preserved." Between the Permian and the Cretaceous beds is an unfos- 
siliferous bed, 60 feet thick, similar to that '^ which immediately overlies 
the Carboniferous in Young and other counties, and which has hitherto 
been supposed to belong to that series of beds." 

From the above data, together with my own observations in the re- 
gion, the Permian of Messrs. Cope, Boll, and Cummins may be described 
as follows : 

(1) A stratum of limestone, probably a part of that surmounting the 
true Carboniferous hills of Shackelford County, the Permian age of 
which is based upon its position, the fossils being pronounced indistinct 
by those who have seen them. This stratum of limestone is most prob- 

1 1 have been informed that the vertebrate stratam is above the gypsum beds. 
*No study has ever been made of the invertebrate fossils of the region. 

(445) 



68 PRESENT KNOWLEDGE OF GEOLOGY OF TEXAS. IbuluIS. 

ably that described by Ashburuer* as outcropping a few miles from Gom- 
mins's locality and belonging under the Brazos coal bed, the superin- 
cumbent strata probably being washed away by erosion. It may pos- 
sibly be the White Limestone of Shumard's trans-Pecos region. 

(3) The red marls so characteristic of that region of Texas and de- 
scribed by many travelers as occupying the gypsum beds. According 
to Professor Cummins, these are at the base of the Carboniferous hills 
above mentioned, indicating non-conformability and later deposition. 

(3) A vertebrate bearing stratum, the relation to the foregoing not 
being known, the fossils of which have been the basis of Professor 
Cope's term Permian. 

(4) The well known gypsum strata of Texas', which have been so 
often mentioned in the literature of the State. These immediately un- 
derlie the typical Texas Cretaceous, a barren stratum of only a few feet 
intervening. 

From the foregoing it will be seen that Professor Cope's Permian, as 
interpreted by Professor Cummins's observations, includes all the strata 
in Texas west of the central Carboniferous area from the late Carbonif- 
erous to the base of the Cretaceous, inclusive. It is doubtful whether 
this evidence, based upon a vertebrate bearing stratum and unaccom- 
panied by any stratigraphic detail, is sufficient to justify the applica: 
tion of the term Permian to such an important and unexplored series 
of Mesozoic rocks. 

, The age of this series is still in the same condition of uncertainty as 
before Professor DeRyee applied a name to it. The rocks may be Car- . 
boniferous, Permian, Triassic, Jurassic, or Cretaceous, or all. It is cer- 
tain that they are the representatives of the sedimentation of the entire 
Mesozoic age previous to the well authenticated Cretaceous. A little 
investigation would throw much light upon the subject. 

Detailed comparison will now be considered unnecessary to show 
that there is no similarity between the two regions in Texas to which 
this term Permian has been applied. The Permian of Shumard, beyond 
the Pecos River, whether Permian or Carboniferous, occupies a clear 
stratigraphic i)osition; it is well marked by a characteristic fauna; 
there is no doubt as to where it belongs in the geologic succession. On 
the other hand, the Permian of Cope has as yet no well defined strati- 
graphic relations ; it is involved in ambiguous uncertainty and its fos^ 
sils are of a vague and indefinite character. There are no stratigraphic, 
lithologic, or paleontologic points common to the two, and hence they 
have no established relationship whatever, the latter author having ap- 
plied the nam^ apparently without knowledge of its use by the other. 

i ** Brazos coal-field, Texas," Trans. Am. lust. Miuing Eng.,Vol. IX, pp, 495-506, 18^;|0- 
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THE JTJRA-TBTAS OR OYPSITM STRATA. 

The few geologic observers who have traveled in Texas west of the 
ninety-ninth meridian, south of tlie North Fork of the Canadian^ have all 
commented upon the occurrence of immeuse gypsum deposits in that re- 
gion, but so far as I am aware no one has endeavored to offer any hypothe- 
sis as to their formation or to interpret tlieir accompanying phenomena. 
Captain Marcy was the first observer to give this formation extensive 
notice, but he throws little light on its stratigraphic relations. He re- 
cords numerous localities of occurrence, however, which are of value. 
He describes the strata as snow white gypsum, from fifteen to twenty 
feet thick, resting horizontally upon substrata of red clay and some- 
times accompanied by red sandstone. Mr. Jules Marcou, who observed 
the same formation a few miles north of Captain Marcy's localities, in 
his notes conveyed the idea that these beds were white and rose colored 
gypsums; the beds were from one to twenty feet thick, a thin, argil- 
laceous dolomite being found below them. Captain Pope also noted 
the occurrence of the same beds several hundred miles to the southwest, 
on Delaware Creek, where Dr. G. G. Shumard, who accompanied both 
him and Captain Marcy as geologist, affirmed his identification. At 
various other points west of the central Carboniferous exposure, be- 
tween Eed Eiver and the mountains west of the Pecos, these gypsum 
strata have been noted and many sections given. I have observed them 
at several of the localities mentioned, and in Jones, Haskell, Mitchell, 
and other counties. At every point these gypsum strata are of the 
same character, consisting of white or pink deposits of saccharoidal, 
hydrous calcium sulphate. Sometimes they are accompanied by de- 
posits of magnesium and other sulphates. 

That these gypsum beds do exist; that they extend over a large area 
of country ; that they do not consist of fragmentary crystals or inipreg- 
nations, but are extensive, massive bedded strata, presenting a similar- 
ity of structure indicative of identical deposition, is now evident. 

What bearing or relation they have to the geologic structure and his- 
tory of Texas, is a most pertinent question. So far as i am aware no 
study has been made in this direction. Previous to 1800, when these 
beds were attracting the greatest attentioir, tlie formation of gypsum 
was little understood, and tliere has been no interpretation of the bear- 
ings of this region upon our American geology. The simple laws of 
chemical and physical j)recipitation of limestones, gypsums, and dolo- 
mites have buit recently become aids to the stratigraphist in his studies. 

The face that the typical strata of the x)eculiar Cretaceous rocks of 
Texas have been observed by Professor Cummins and others resting im- 
mediately upon these gypsum beds is evidence that their age is pre- 
Cretaceous, and not the age of the Dakota group, as has recently been 
averred by students of the gypsum strata of Kansas. I also have rea- 
son to believe that some of the numerous *' red beds" of t\3Lft, ^\<^x^xss. 
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region are Carboniferous, but that the age of the gypsum beds them- 
selves is still unknown, except that they are intermediate between the 
Carboniferous and the Cretaceous, including what has been termed the 
Permian and the Jura-Trias. The intimate stratigraphy of these beds 
is not known, but it is probable that they are the eastern exposure of 
the immense deposits of the "red beds" observed throughout the South- 
west, especially in Kew Mexico, Utah, and Arizona. 

THE SO-CALLED JURASSIC EOCtS OF TEXAS. 

I have already shown (page 54) that Mr. Jules Marcou referred cer- 
tain of the Mesozoic rocks of Texas to the Jurassic. These rocks were 
along the breaks of the Llano Estacado and along the Canadian River 
near the boundary of New Mexico. I have also alluded to the fact that 
Mr. Marcou's opinions were attacked by nearly all of the leading geolo- 
gists of the day,^ none of whom visited the region, except perhaps Dr. 
Newberry. It was Ji warfare of theoretical discussion, for very little 
was known of the region. Mr. Marcou held to liis point,'* and has not 
yet conceded that these strata are Cretaceous, as his opponents unani- 
mously maintained. It is highly probable that the fossils Gryphcea 
dilatata and Ostrea Marshii, upon the occurrence of which Marcou held 
his position, are the same species that Dr. Shnmard afterwards de- 
sciribed as Gryplujca Pitcheri and Ostrea hellipUcata, and now known to 
occur in the well defined Cretaceous of Central Texas ; but it is certain 
that Marcou's allegations that these fossils are Jurassic were founded 
upon as logical grounds as those of his opponents, who, at a dlBtauce, 
made them^ equal to the Upper Chalk. It is probable that they are the 
continuation of Jurassic forms into the Lower Cretaceous, which Mar- 
cou called elsewhere '* Neocomian f and from later and more definite in- 
formation it is very probable that Marcou's Jurassic is basal (not Upper) 
Cretaceous. 

Another writer, Mr. N. A. Taylor, has been outspoken in referring the 
Cretaceous strata of Texas to the Jurassic. He thus expresses himself:' 

The conformation of this great region seems to show unmistakably that it was 
once an inland sea, whose southern shore was probably at lirst along the Azoic hills 
below the San Saba, contracting gradually to the great backbone between [Port] 
McKavett and Kickapoo Springs, whose western shore extended at least thus far, 
and whose northern shore may have reached the Red River. Its eastern shore prob- 
ably crossed the Colorado above the mouth of the Concho, extending northward to 
the limit of Texas and perhaps beyond. This immense basin slopes inward from 

1 See " Criticisms on Marcou's work by American geologists," Am. Jour. Sci., 2d ser., 
XXVI, p. 323 ; 2d ser., Vol. XXVII, pp. 34> 134 ; 2d ser., Vol. XXVIII, pp. 153, 256, and 
298 ; Report of U. S. Geological Survey, Vol. IX ; Report of U. S. and Mexican Bound- 
ary Survey, Vol. I, Part II ; Pacific Railway Reports, Vols. II and III, quarto editions. 

* See Geology of North America, by Jules Marcou, Zurich, 1858, for gist of Mr. Mar- 
oon's defense. 

^ See The Coming Empire, or Two Thousand Miles in Texas on Horseback, by H. 
F. McDaniels and N.A.Taylor, pp. 314, 315, 1878. 
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every direction, but its deepest parts are probably along the valleys of tbe Concho, 
not far from its soathern border. The altitude of Fort Concho is only one thousand 
nine hundred feet above the level of the sea, while that of the great ridge below 
KickapOo Springs and this on -which I stand must bo quite a thousand feet higher. 
This sea in drying np left enormous deposits of gypsum, great beds and areas of salt 
and other alkalies, with which all the streams that flow through its ancient bed are 
more or less impregnated. This sea, as I believe, existed during the Jurassic age. 
The geologists who have written of this region, from observations at telescopic dis- 
tance or no observations at all, have all assigned it to the Cretaceous : but ray judg- 
ment is that there is little or no Cretaceous in it. I have seen no fossils to confirm 
this judgment ; but this basin in general outline is totally unlike the Cretaceous as 
developed in other portions of Texas or elsewhere. Nor has that formation in any 
part of the globe, if this be Cretaceous, developed such euormous deposits of gypsum 
and salt. If, then, it is Cretaceous, it is anomalous and without precedent. 

The region he allades to is the central or denuded area. He says : 

This portion of Texas has never been geologically examined, except in a most 
cursory way, and it is not always easy to distinguish Jurassic from Cretaceous fossils. 
The late State geologist. Professor Buckley, rode over it in an ambulance, not deviat- 
ing from the El Paso stage road. 

Mr. Taylor has simply taken the work of subaerial erosion to be that 
of a lacustrine shore line, and his Jurassic sea is the denuded area of 
all the formations from the Carboniferous into the Cretaceous. 

Although no one could say positively that there are no strata of the 
Jurassic age in Texas (for the problematic gypsum bearing red beds 
may be of that age), it is perfectly safe to say that none have as yet 
been demonstrated to exist. 

THE CRETACEOUS. 

The Cretaceous strata of Texas form by far the most extensive and 
important geologic deposit of that State. Fortunately for science the 
earliest writings on this particular formation were very explicit. Dr. 
Ferdinand Eoemer's I^eidebildungen von Texas and his other writings 
on the subject, however erroneous they may be in their deductions, are 
exceedingly complete and clear, so that in their perusal there can be 
but little doubt as to the exact opinions he entertained. He studied 
the Cretaceous rocks of the State from the marine Tertiary on the east 
to the Paleozoic rocks in the Llano County region, embracing a cross 
section of the entire thickness of the series. This was from Seguin to 
the old Spanish fort on the San Saba. He also collected all x>ossible 
legendary evidence and platted upon a map his ideas of the distribution 
of the Cretaceous strata in Texas. His descriptions and figures of the 
fossils of this formation remain to this day the most accurate and per- 
fect of any paleontologic literature of the country. The principal points 
lie developed concerning this formation were as follows: 

(1) He delineated its eastern border as extending from Presidio del 
Rio Grande northeastward 440 miles to the Ked Eiver, enumerating 
many intermediate points. This line is generally accepted to-day. 

(2) He explained the peculiar lithologic characteristics — a white 
chalky rock, with the appearance and c(»n8isterLCY ot lAi*^ Q^^wssajOL ^\sw- 
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nerkalk, containing calcite crystals and flint nodalcs, a chalk marl, and 
a harder yellow limestone. 

(3) He gave the first exposition of its organic remains and asserted 
their great similarity to the fauna of the Upper Cretaceous of Southern 
Europe. 

(4) He gave the fauna of the various strata and of different locali- 
ties, describing 118 species, 58 of which were new to science. 

(5) He noted the escarpment line, running from the neighborhood of 
San Antonio northward, via New Braunfels and Austin, to an indeter- 
minate point north of the latter city. He found the Cretaceous forma- 
tion to extend in a comparatively narrow strip along the base of this 
escarpment, as well as far to the west along the surface of the table- 
land, of which it was the boundary. 

He found well differentiated faunas in each of these topographic areas, 
and accordingly divided the formation in two great subdivisions,^ to 
wit : Die Kreidebildungen am Fusse des Hochlandes (the Cretaceous 
formation at the foot of the highlands) and Die Kreidebildungen des 
Hochlandes (the Cretaceous of the highlands). He discussed the last 
named formation as the Cretaceous as he found it near Fredericks- 
burg* and the Cretaceous eight miles west of !N"ew Braunfels.^ Of 
these divisions and subdivisions he considered the Fredericksburg, or 
most western outcrop, the newest, and the Cretaceous at the foot of 
the highlands the oldest, and expressed the opinion that there could be 
no doubt that the latter extended under the hi^j^hlands, instead of rest- 
ing unconformably upon it, which recent investigations have shown to 
be the case. 

^ Dr. Roemor made no tabalated section of tbo Cretaceous of Texas, bat from many 
statements in tbe text of his works it is evident that he had the following opinions 
of tbe subdivisions : 

There are three general divisions of tbe Cretaceous in Texas, to- wit : The Creta- 
ceous at tbe foot of tbe highlands ; tbe Cretaceous of the highlands ; tbe Cretaceous 
of tbe hills near l^edericksburg. 

On page 17 of Kreidebildungen he says: "It is known that the hills in the coun- 
try to the north of Fredericksburg, on the Pedemales River, are tbe latest of all the 
Cretaceous of the highlands of Texas." On page 18 of the same work, bo says : ** After 
these observations it cannot bo longer doubted that tbe Fredericksburg strata belong 
to the youngest of the three accepted divisions of tbe Cretaceous period." 

Concerning tbe relation of tbe Cretaceous of the highlands to that at their foot, he 
says (Texas, p. 379): "Before we can enter upon a discussion of the general signifi- 
cance of the Cretaceous strata in Texas we must endeavor to investigate how tbe Cre- 
taceous, which caps tbe high table-lands of Texas, consisting of a series of siHcious, 
chalky strata, are related to tbe earlier observed formation at the ford of tbe Guada- 
lupe, near New Braunfels, and at other points along tbe foot of tbe highlands, con- 
sisting of less firm white limestone and marls. Tbe undoubted succession of these 
strata cannot be seen plainly at Now Braunfels. 

" But, since tbe firmer strata of tbe highlands plainly occupy a much higher bluffy it 
is not to be doubted that here at New Braunfels tbe loose white chalk and chalk 
marls are tbo lowest and tbo firmer limestones of the highlands the highest." 

' Comanche Peak group of Shumard. 

' Washita Limestone of Shumard. ~. ^ 
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He intiiKiated the westward extension to the Rocky Mountains of the 
Oretaceons formation, and showed that it differed materially in its or- 
ganic and lithologic characters from what is now known as Meek and 
Hayden's section in the !N"6rth western Territories and that it bore slight 
resemblance to the Alabama section, based npon the occurrence of 
Hippurites.^ He also asserted, upon the occurrence of identical organic 
remains, that this formation was equivalent to the Upper Ohalk and dis- 
played by both its paleontologic and its lithologic characters a resem- 
blance to the Upper Oretaceons of Southern Europe in the countries 
bordering on the Mediterranean. 

From the above facts, together with similar observations upon the 
relation of the Cretaceous of !N"ew Jersey with that of !N"orthem Europe, 
he derived the following important conclusions concerning the Oreta- 
ceons of Texas :* 

(1) Thef rocks of the Cretaceous period in Texas, which are generally of a chalky 
character, have an extensive distrihntion, reaching from the Red River to the Rio 
Grande, comprising the greatest part of the highlands (central region) and the 
BOQthern border, even extending into the nndnlati ng region (black prairie). 

(2) The rocks vary greatly in character, those of the undulating region (black 
prairie region) consisting of white, chalky limestones of little firmness, and those of 
the highlands (central region) of a great system of strata consisting in part of very 
firm limestone layers, with inclosnres of flint nodules and intervening layers of 
marls. 

(3) The Cretaceous fbrmations of Texas collectively belong to the Upper Chalk (i. e., 
the chalk above the Ganlt), and so much so that they may be referred to the horizons 
of the white chalk (iStage S^nonien d'Orbigny) and the upper part of the chloritic 
chalk (£tage Tnronien d'Orbigny) of Europe. 

(4) The rocks of the Cretaceous formation in Texas, particularly those of the high- 
lands (central region), upon comparison show a decided analogy with the Up])er 
Cretaceous formations ot Southern Europe, especially along the Mediterranean, 
which analogy is especially seen in the strong representation of the fossil family of 
Rudistes. 

(5) The same physical differences in the natural conditions of the oceanic regions 
of the north of England and Korthem Germany, on the one hand, and those of the 
Mediterranean on the other, that existed at the close of the Cretaceous age and that 
caused the variance in faunas and lithologic characters of the synchronous deposits 
in these two regions, existed at the same time and do stiU exist in the seas of North 
America. From these facts it is evident that the Cretaceous of New Jersey then bore 
the same relations to that of Texas^ as did that of the north of Europe to that of the 
Mediterranean, and that the same northerly deflection of tho isothermal lines from 
the eastern coast of North America to the western coast of Europe, was evident at 
so early a time in the earth's history as the Cretaceous. 

The next observation of the Cretaceous strata of Texas was made 
by Dr. G. G. Shumard along the northern border of the State. He 
included the strata which his brother, Dr. B. F. Shumard, afterwards 
incorporated in his section under the name of Washita Limestone. 
These he traced from Fort Washita (a few miles north of the present 

) Radiolites, as corrected in Kreidebildungen. 

sKreidebUdungen, pp. 25, 26. 

*The next to the latest of the European Cretaceous. 
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city of Denison) to east of Fort Belknap, in Young County. A com- 
parison of his descriptions with those of Roemer shows that the Creta- 
ceous of this northern region of Texas has many paleontologic simi- 
larities with that described by Eoemer from an Indian camp on the 
Guadalupe, eight miles west of New Braunfels, but that their lithologic 
features vary gi*eatly. 
Dr. G. G. Shumard said of these strata:^ 

From this point [Fort Washita], tho Crotaceous rocks were found to extend nnin- 
terraptodly until we reached the soath western boundary of the cross timbers in Texas. 
From the best information I was able to procure it constitutes the prevailing forma- 
tion from Fort Washita in tho direction of Fort Towson for upwards of a hundred 
miles with an average breadth of fifty miles. It forms part of that extensive belt 
of Cretaceous strata that extends from Georgia to Texas, and which, from the char- 
acter of its fossil fauna, is now regarded as the equivalent of the Upper Chalk of Eng- 
land, and with that division of tho Cretaceous group to which d'Orbigny gives the 
name of I'fitage S^nonien. Wherever sections of the strata were to be seen, they 
presented the following characters : Grayish yellow sandstones, with intercalations 
of blue, yellow, and ash colored clays and bods of white and bluish white limestone. 
The limestone reposes on tho clays and sandstones. At some points it attains the 
thickness of a hundred feet, while at others it is quite thin and sometimes even en- 
tirely wanting. It is usually soft and friable and liable to disintegrate rapidly 
when exposed to the action of tho weather. These Cretaceous rocks are often fall of 
fossils. At Fort Washita the layers are crowded with AnanchyteSy Jlemiaster, Nucleo- 
liteSf Ammonites f Oatrcaj PecteUy «fec., descriptions and figures of which wiU be found' 
in Dr. B. F. Shumard^s reports on the paleontology of the expedition. We saw here 
some specimens of Ammonites several feet in diameter and weighing between four 
and ^vo hundred pounds. 

Mr. Jules Marcou published a more accurate description of the Fort 
Washita strata and fauna a year after Dr. G. G. Shumard. He showed 
that in that region they were greatly denuded and covered to the east 
by higher strata like those of Arkansas and Mississippi. He asserted 
that the true age of the Fort Washita strata was Keocomian.^ 

The first results of the expedition were published by Mr. Marcoa, 
prefaced with the statement that he had as yet neither the specimens 
which he had collected nor a good map of the country passed through, 
and since the time was very short in which he could make the required 
report he begged that its brevity and incompleteness be excused; In 
this paper he announced the existence of various formations which he 
more or less correlated with European strata. He described the red 
beds of the western portion of the Indian Territory as the Trias and 
discussed its divisions. The most important announcement, so far as 
concerns the geology of the Texas region, was as follows :^ 

1 have mentioned two pojnts between Topof ki Creek and Anton Chico, where the 
Triassic rocks are covered by more modern formations. The first of these points is 

^ Expl. Red River of La., 1852, by R. B. Marcy and Geo. B. McClellan, p. 158. 

3 This is the only recorded reference of Texas Cretaceous strata to a position below 
the Gault. 

3 Geology of North America, by Joles Marcon, p. 17, 1858. The wording varies from 
that used in the r^snm^ printed as a part of House Doc. 129, 1854, Lieatenant Whip- 
pJe^a report, p, 40, and makes locations more explicit. 
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upon one of the tributaries of the False Washita River, Comet Creek (latitude 35^ 32' 
21", longitude 99° 14' 40"), near our camp, No. 31, where, upon the heights, are found 
the remains of beds of a limestone filled with shells which I connect with the Neoco- 
mian of Europe, or, in other words, with the Lower Division of the Cretaceous rocks. 
This limestone is only 5 feet thick ; it is of a whitish gray color, containing an im- 
mense quantity of Ostracea, which I consider as identical with the Exogyra (Gryph^ea) 
PitoheriMoTt. * * * having the closest analogy with the JEro^^/raCouZont of the Neoco- 
mian of the environs of Neufoh&tel (Switzerland). As i t is the first time the Neocomian 
has been recognized in America, where, until now, only the Greeusand and Chalk 
Marl or Lower Chalk have been found, I will add that these strata are much more 
developed at Fort Washita, where Dr. G. G. Shumard has made a collection of fos- 
sils such as Pecten quadricostatua, Gryphcea FUcheriy Cardium multiatriatumj Ammonites 
acuUhcarinatus, ffolaster aimpleXf all fossils or genera characteristic of the Neocomian 
of Europe. Further, at Fort Washita, the Neocomian is covered by the Greeusand, 
containing very fine ffelhiaster, large Ammonites flacidicostay Gryphcea sinuaia var* 
Americana, Exogyra Texana, &c. 

This Neocomian has nearly been destroyed and carried away by denudations, for 
it is only found on the summits of the hills, where it appears like the ruins of ancient 
buildings ; it occupies actually only a width of three or four miles. Probably at the 
time of the deposit it covered more space, but as at Fort Washita, where it has been 
very little denuded, it is only twenty-five or thirty miles wide. Tliis shows it to have 
been but a narrow band in the immense basin of the prairies.* 

The other reference of Mr. Marcou relating particularly to the geology 
of the State of Texas, although made, like the foregoing remark, upon 
strata continued beyond its border, was to the effect that certain otlier 
^rocks on the Llano Estacado were Jurassic, as follows : 

These rocks belong to the Jurassic or Oolitic epoch. Fossils are very rare in the 
sandstone and limestone ; but the beds of blue clay which are found in the middle 
of this formation contain in abundance a Gryphcea which has the greatest analogy 
with the Gryphasa dilatata of the Oxford Clay of England and France, and which I call 
provisionaUy Gryplusa dilatata var. Tucumcarii * * * and a very large Ostrea, having 
a resemblance to the Ostrea Marshii * * * of the Inferior Oolite of Europe. * * * 
This American Jurassic presents, at least thus far, one point of considerable difference 
from the Jurassic of Europe and Asia, where such large quantities of Cephalopoda are 
found, saoh aa Am^monites and Belenmites^ while here the Ammonites are only found in 
the Greensand and the Belemnites in the Marly Chalk ; and even there these fossils 
are never so abundant as in the corresponding strata of Europe. 

In another preliminary paper, based upon specimens collected by 
Captain Pope's expedition, which he did not accompany, Mr. Marcou 
speaks as follows of the Cretaceous rocks in the vicinity of Preston, 
Tex., near the present site of Denison :* 

Preston and its environs are formed of the Cretaceous rocks that extend along the 
Red River and the False Washita as far as the Canadian River. These rocks form also 

* Field observations by the writer, made and published since the manuscript of this 
buUetin was sent to press, show that this small and hitherto unappreciated descrip- 
tion of Mr. Marcou is really the most accurate that has ever been written on the 
Cretaceous formations of the Indian Territory, and that it is equally applicable to 
those of Texas, of which they are the continuation. 

« In House Doc. 129, 1854. Rep. of Exploration of a Route for the Pacific Railroad 
near the Thirty-second Parallel of Latitude from the Red River to the Rio Grande. By 
Bvt. Capt. John Pope, Chap. XIII, Geol. Notes of a Survey of the country comprised 
between Preston, Red River, and El Paso, Rio Grande del Norte, p. 25. 
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the beds of the several tributaries of the Trinity River, especially of the Elm Fork of 
the Trinity, where yonr survey has found this formation very well doveloi)ed, with 
numerous fossils. The Cretaceous consists at the base of yellowish gray limestones, 
filled with broken oysters, of which the most common species is the Grypkcea Pitcheri; 
then pale grayish blue clays are superposed, containing numerous fossils, such as 
Exogyt'a Texana, Oatrea carinaiay Pecfen quinquecostatua, Toxaster Texanua, &c. Upon 
these clays are sandy limestones, grayish white, containing large ^mmonitea* and 
Baculitea; the most common are BaculUea aaper and several other now species that yon 
have collected and which I will describe in the final report. The lower part, formed 
of limestone with Gryphwa Piichen and blue clay with Toxaater Texanua, corresponds 
with what is called by geologists the Neocomiau formation, while the upper portion, 
containing Ammonitea and Baculiteaf corresponds to the formation designated as Gh'een- 
sand and Marly Chalk. 

The next cross section of the Cretaceous strat^ was made along: the 
Eio Grande, by Arthur Schott,^ of the United States and Mexican bound- 
ary commission. This he describes as " a Cretaceous basin, which con- 
sists chiefly of strata of greensand, which extends from Las Moras to 
the vicinity of Eeynosa, and forms a belt of 380 to 400 miles in width'^ 
(p. 34) in Texas and Mexico. In this basin he notes various lithologic 
characters and some slight local disturbances. In this region, " from 
Las Moras to the vicinity of Arroyo Sombreretillo, which is about ten 
miles above Laredo, lignite coal occurs frequently '' (p. 35). " Prints and 
even remains of plants preserved in these coals indicate vegetable forms 
of the higher orders, as Gramiuea^, and even dicotyledonous trees, such 
as willow and ash" (p. 35). He also notes the extension of these coals' 
into the Santa Eosa mountainous regions of Mexico, where the strata 
are nearly vertical. The fossils, plants, and mollusksfrom these locali- 
ties bear a close affinity to the coal bearing beds of the late Cretaceous 
of the Northwestern Territories, but their relation to that region as well 
as to the Cretaceous of the west of Texas is still problematic. 

Dr. Benjamin F. Shumard was the next geologist to study the Cre- 
taceous strata in the field. He had the advantage of previous obser- 
vations as well as of residence in the State for a few years as State 
geologist (1858-1861). His writings give evidence of much labor, but, 
like Dr. Eoemer's, they are deficient in stratigraphy and are mostly 
of a paleontologic character. His section of the Cretaceous strata of 
Texas has been accepted to the present time by most writers. I quote 
the section with his immediate comments upon it :* 

The order of succession anil thickness of the different members of the Cretaceoos, 
system, so far as observed in Texas, are expressed by the following section, which is 
believed to be in the main correct, although it is not Improbable that furtherresearches 
may render some slight modifications necessary. 

^ Substance of the Sketch of the Geology of the Lower Rio Bravo del Norte, by Arthur 
Schott, asst. surveyor U. S. B. C, &c. Report of U. S.. andMex. Boundary Sarv. 
Vol. I, Part II, pp. 28-48, 1851. 

« Trans. Acad. Sci. Saint Louis, Vol. I, pp. 583-589, 1856-1860. 
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I. OFFER CHETACBOU8 OR CALCAKEOL'S 

Tills diviBian, in the eastern ur suttleil portion of tbo State, attains a tlilckneea or 
finiueOD to 1,000 feet, but in its western estensiou reaclioa a urn ch greater Jevelop- 
ment. It prasenta the following sabdivtslons from above downwards: Caprina JAme- 
fbme, Coataitclie Ptak group, Auaiia Limettom, Exogyra arictina marls, WaskitaLime- 
itone, Inooeramiu problematicaa beds, and Caprotiaa Limeitoae. 

Caprina limestone. — This is the uppermost rocogniz od member of the series, and, 
AlUtoaeh of no great thickness, has asomewliatexteudod^ograpbical range. It is a 
yeUawiah white limeBtoue, sometimes of a finely granular texlnro aud Bometimes 
made up *>f '^^Mf Qo^rse, aul^crjatalliae grains, oeraoated vifik «■ cib^Ui.^ -^w^. Vi. 
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generally occurs in thick, massive beds, and is capable of withstanding the action of 
the weather to a greater extent than most of the members of the Cretaceous system* 
This formation is usually found capping the highest elevations, and its presence may 
be nearly always recognized, even at a distance, by the peculiar flat-topped and cas- 
tellated appearance it imparts to the hills [buttes]. According to Dr. Kiddell; it is 
finely displayed along the bluffs of Brazos River, in Bosque, McLennan, and Hill 
Counties ; also along the Leon and Bosque Rivers. The summits of the remarkable 
elevation known as Comanche Peak, in Johnson County, and that of Shovel Mount- 
ain, in Burnet County, consist of this rock. 

The fossils are chiefly Caprinaj Cytherea, and Ammonites of undetermined species. 

Comanche Peak group, — The Comanche Peak group, which next succeeds in de- 
scending order, is an important member of the series, and presents a greater develop- 
ment, both horizontally and vertically, than either of the others. It is made up of 
soft yellowish and whitish chalky limestone and buif and cream colored limestones 
of greater or less compactness. » * * 

'The best exhibitions of this formation that we have seen are at Comanche Peak, 
Shovel Mountain, and at Mount Bonnell, near Austin. 

Fossils : This group is remarkably rich in organic remains, a large portion of them, 
however, occurring usually as casts. The species most frequently observed are Ex- 
ogyra Texana, Gryphcea Pitcherif Janira occidentalism Cardium muliistriatumj C. Texanum, 
C, Coloradoense, Pholadomya Sancti-Sahajf Lima WacoensiSj Arcopagia Texanay Trigonia 
crenulataf Astarte lineolata, Cardita erminula, Corbiila ocoidcntaliSf Modiola contrice- 
costellata, Leda^ Thraciaf Ammoniiea acuticaHnatuSf A, Pedernalis, Scolaria Texauaf 
Phasianella iumida, Bostellaria (^Eulima Sh.) aubfusiformiSy Naiica PcdernaliSy Nerinea 
acuSt Avellana Texana^ Turritella sei'iaiim^granulataf Csrithium Boaquenscj PleuroUnnaria 
(undet. sp.), Solarium (undet. sp.), Heterastcr (Toxaater Roe.) TexanuSf Holectypua 
planatua, Cyphoaoma Texanumj and Diadema Texanum. 

It is quite probable that this and the preceding subdivision of our Cretaceous sys- 
tem are not represented in Nebraska. We have collected more than fifty species of 
fossils from those beds and not a single one has been found identical with any of the 
numerous Nebraska forms that have boon described by Messrs. Meek, Hay den. Hall, 
the writer, and others. Neither have wo seen any paleontological evidence that the 
beds under notice are parallel with any of the members of the New Jersey and Ala- 
bama series, though it is not improbable that a closer study of the Cretaceous rocks 
in Alabama will show them to exist there. 

Auatin Limeatone. — This subdivision consists of cream colored and bluish earthy 
limestone, and resembles in lithological features portions of the preceding group, but 
contains quite a different assemblage of organic remains. Some of the beds are sof* 
and crumble readily upon exposure, while others are moderately hard and furnish a 
handsome building rock, which may be cut into almost any required shape with a 
common handsaw. The State house and several of the public buildings at Austin 
are constructed of this stone. This formation occurs at Austin and near San Antonio 
and New Braunfels. Dr. Riddell also recognized it in McLennan and Bosque Coun- 
ties and Dr. G. G. Shumard in Grayson County. The greatest thickness observed is 
in the vicinity of Austin, whore the beds are exposed to the height of about one hun- 
dred feet. 

Organic remains: The most characteristic [fossils] slto Inoceramua biformis, Gryphcea 
veaioulariaj Exogyra coatatdj Oatrea anomiceformia, Area vulgaris , Madiolitea Auatin- 
ehaiay Nautilus DeKayi (f ), Baculitea ancepa^ Helicoceraa, Ammonites, Caaaidalua asquO' 
reu8f Hemiaater paraatatua, and scales and teeth of fishes. 

At the base we have shaly layers of dark bluish gray calcareous sandstone, con- 
taining numerous fish scales, teeth of Corax heterodon, Lamna Texana, and remains of 
Moaasaurua, 

This assemblage of fossils establishes pretty clearly that the Austin Limestone rep- 
resents divisions A, B, and C of the Alabama section, as determined by Professor Win- 
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chell, which are regarded by Messrs. Meek and Hayden and Professor Hall as on a par- 
allel with Nos. lY and Y of the Nebraska section. 

Exogyra ar'iietind fnarl, — This is an indurated blue and yellow marl, with occa- 
sional bands of gray limestone and thin seams of selenite interstratified. It contains 
iron pyrites in the form of small spherical masses and the fossils are also frequently 
studded with brilliant crystals of this substance. It is well exposed towards the base 
of Mount Bonnell, near Austin , where it presents a thickness of about sixty feet. It 
may also be seen to advantage near New Braunfels, in Comal County, at various 
points in Bell County, and Dr. O. G. Shumard found it resting upon the limestone of 
Fort Washita, in Arkansas. 

Fossils : Exogyra arietinaj Gryphcea Fitoheriy Janira Texanay and a small nndescribed 
species of Dentalina, On Shoal Creek, near Austin, Exogyra arieiina occur in the great- 
est profusion, the surface of the ground being sometimes literally covered with them. 

Washita Limestone, — This important member of our Cretaceous system is made 
up of a nearly white, yellow, gray, and bliie limestone, some of the layers being mod- 
erately hard, while others disintegrate rapidly from exposure. This formation is ex- 
hibited at many localities in the State. Good exposures occur near Austin and in 
Grayson, Ffannin, and Red River Counties. According to Dr. G. G. Shumard, it is 
finely developed at Fort Washita. * * * 

Blue marl. — ^This member was examined in Grayson County by Dr. G. G. Shu- 
mard, who describes it as an indurated, arenaceous marl of a schistose structure, with 
small nodules of iron pyrites and irregular masses of lignite disseminated through 
it. It has not been recognised south of Grayson County. 

The fossils are Inoceramus prohlematUms, Ostrea, and PUcatulay of undetermined 
species. It also abounds in fish remains, the scales and teeth of which are sometimes 
elegantly preserved. 

This subdivision should, perhaps, be grouped with the preceding. It corresponds 
with No. H of the Nebraska section. 

Caprotina Limestone. — The Caprotina Limestone, which follows In descending order* 
forms the base of the Upper Cretaceous and is composed of light gray and yellowish 
gray earthy limestone, with intercalated bands of yellow marl and sometimes flint. 
It is exxK>sed at the base of the hills near Comanche Peak and is seen underlying the 
Washita Limestone near the Colorado, at the foot of Mount Bonnell. 

Fossils: The lower portion abounds in Caprotina Texana and the upper portion 
contains Orbitolina Teocana, Panopwa Newherryiy Cardium Brazoense^ Area Proutanoy 
Cytherea, Cyprinay Natica acuiispiray Phasianella perovatay and Cerithium, and Nerinea, 
of undetermined species. 

II. LOWER CRETACEOUS. 

For a knowledge of this division of our Cretaceous system I am indebted to Dr. G. 
G. Shumard, who has had excellent opportunities for examining it. He describes it 
as being composed of sandstones and gypseous and marly clays, the latter containing 
numerous septaria, filled with fossils. It is separable into two groups, namely. Are- 
naceous and Marly Clay or Red River group. 

Arenaceoits groups — This member consists of light yellow and blue sandstone and 
beds of sandy olay, with crystals of selenite and some lignite. Its characters may be 
understood from the following section, taken by Dr. G. G. Shumard on Post Oak 
Creek, in Grayson County : 

No.l. Soft, fine grained, yellow sandstone 10 feet. 

2. Hard, fine grained, blue sandstone, becoming yellow upon exposure, 

and sometimes passing into gritstone and fine conglomerate 5 feet. 

3. Yellow sandstone, same as No. 1 10 feet, 

4. Indurated, blue, slaty clay, with crystals of selenite 20 feet. 

5. Thinly laminated layers, same as No. 2 3 feet. 

^ Dakota Sandstone. See Trans. Acad. Sci. St. Louis, Vol. II, ^,140, o^oi^^^^ ,W^* 
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Fossils: Tho upper part is charactorizod by Oatrea bellarugoia [O. hellipUoataf], 
Ostrea congesta, LucinUy Plicatula, a small species of Cyprina (f), fossil wood, and occa- 
sionally obscure impressions of plants. The Ostrea occurs in distinct bands and is 
extremely abundant. The lower beds have yielded an nndescribed species of Liugnla 
and abound in fish remains which Dr. Leidy refers to the following species : Ptyeho- 
du8 mammilariSf Lamna compressai X. Texana, Galeooerdo prUtodontus, and Caroharo- 
don. ♦ * * 

With regard to the Nebraska equivalent of our Arenaceous gronp, I think there 
can scarcely be a doubt that it represents No. 1 (perhaps the upper part) of the sec- 
tion of Messrs. Hall, Mock, aud Hayden. » * • 

Marly Clay or Bed River group,— T\n& member iumiediately underlies the fish bed 
of the Arenaceous group and is described by Dr. G. G. Shumard as *'a blue, marJy 
clay occasionally variegated with red and brown, and with thin bands of sandstone 
interstratified. The clay contains crystals of selenite, flattened nodules of compact 
brown and blue limestone, and septaria of compact, blue limestone, reticulated with 
brown, yellow, and pur pie spar. The nodules occur in the upper, and the septaria 
towards the base of the formation. The best exposures of the group are in Grayson, 
on Post Oak, Choctaw, and Big Mineral Creeks, where sections of from fifty to sixty 
feet have been measured. It occurs also on Red River, Fannin and Lamar Counties. 
The estimated thickness of the group iu this part of the State is about one hundred 
and fifty feet, but we have not seen the base of the formation.*' 

Fossils are exceedingly abundant iu the septaria and nodules, and so far as I have 
been able to learn they belong to hitherto uudcscribed species. From the collections 
of Dr. G. G. Shumard I have been able to characterize ibe following : Ammonites Swal- 
lovii, A, in<;equiplicatu8f A. Meekianusy A. Graysonenais, Ancyloceraa annulatua, Sea- 
phites vermiculu8jBacuUte8 gracilis, Cyihcrca LamarensiSf Tapes Hi!gardi,Gervilia gregarta, 
Ntioula Haydeni, Panopcea suhparallelaj Corbula GraysonensiSf C, Tuomeyit Inoceramus 
capulu8f and Inoceramus^ n. sp . Fossil wood is also quite common at several of the 
localities visited. 

The section contains what liave been called grave discrepancies by 
another writer,^ and from my residence in the State I think the criticism 
well founded. Why these errors appear in Shumard's section is easily ex- 
plained. It is a composite one, made up at the city of Austin from the 
observations of three geologists working in widely separated portions 
of the State, and influenced by his predilection towards Eoemer's opin- 
ions. His Comanche Peak series is evidently the same as Eoemer's 
Fredericksburg subdivision, his Austin Limestone is Eoemer's Elrei- 
debildungen am Fusse des Hochlandes, and his Washita Limestone 
is the same as described by his brother and Mr. Jules Marcon. The 
lower part of his section is based upon the observations of his brother 
along Eed Eiver, where the lithologic and paleoutologic variations are 
different from those of synchronous formations of other parts of the 
State. Dr. Eiddell, assistant geologist, studied the formations in 
Bosque County, while Dr. B. F. Shumard himself studied them at 
Austin. He arranged, as he thought. the data warranted, these ob- 
servations of his brother on Eed Eiver, those of Dr. Eiddell's in Cen- 
tral Texas, and his own and Dr. Eoemer's near Austin to niake up 

1 See *' Notes on the Cretaceous aud Carhoniferons rocks of Texas, by Jules Mar- 
con," Proc. Best. Soc. Nat. Hist., Vol. Vni, pp. 86-97, 1861-186^. 
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the published section. From this section, by carefal comparison of 
Boemer's work, it will be seen that he had the same fundamental 
opinion, to wit, that tlie Oretaceons of the lower land east of Austin 
extended under that of the table lands to the west, and that the tops 
of the hills (buttes) farther inland was the newest Cretaceous of the 
State. 

Upon the publication of this section, Mr. Jules Marcou wrote a criti- 
cism of the same,^ iti which he pointed out many discrepancies in se- 
quence of the groups and rearranged Dr. Shumard's section upon his 
own data, as follows : 



upper Gretaceona or Seoonian. 


Austin Limestone. 

Fish bed in sandstone {Lamna 

TexatM). 
Blue Marl, with Inoceramus 

proUeinaHcus. 


Arenaceous group with Ottrea 

congetta. 
Fish bed, Lamna Texana &c. 


Middle CretaceoiiH or Green- 
sand and Toronion. 


Marly Clay or Red River ^oup. 

Caprina Limestone. 

Comanche Peak f;roap (superior part with Exogyra Texana). 

Exogyra arietina marl. 


■ 
Lower Cretaoeons or Aptian 
and Keocomian. 


Washita Limestone (oomprisin j; the inferior part of the Comanche 

Peak f^ronp, with Qryphcsa Pitokeri). 
Caprotina Limestone. 




Trias or Carboniferous. 



From my own observations in the State I am inclined to believe, 
notwithstanding the disagreement with older geologists, that Mr. Mar- 
cou's deduction is more in accordance with the actual relations of the 
strata than any other published and especially than those of Eoemer 
and Shumard. 

In the following years (1861, 1862) Dr. B. F. Shumard announced the 
occurrence of two more groups of the Cretaceous in Texas. The first of 
these was the Eipley group of Mississippi, which he announced be- 
fore the Academy of Science of Saint Louis to have been found in 
Navarro County, Tex. The other was the Dakota sandstone, which he 
reported from Grayson County. He studied the first named group 
and identified over twenty species common to the Tippah County (Mis- 
sissippi) beds and the Navarro County (Texas) beds. Concerning the 
alleged occurrence of the Dakota sandstone in Grayson County, he said 
that he based his opinion upon the occurrence of dicotyledonous leaves 
in the ferruginous sandy strata there,* of which he would speak further 

1 Proc. Boat. Soc. Nat. Hist., Vol. VIII, pp. 86-97, 1861. 

^Toa wiU, perhaps, remember the statement in my paper on the Crotaceoas strata 
of Texas (p. 589^ of Transaotious) that, althoagh we had not sacceeded in finding 
dicotyledonous leaves in the lower Cretaceous marls and sandstones of Texas, as has 
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at a fatare day, an expectation not falfilled. These leaves, however, are 
now thought to be from the lower cross timbers strata, which are on a 
direct line of geographic continuity with the alleged Dakota of Kansas. 

Dr. Shumard died without incorporatiug these later additions into 
his geologic sections. If he had done this it would have been neces- 
sary to revise the relative position of the strata entirely. He deserves 
credit, however, for some points which are not dwelt upon in his writ- 
ings; one of these is the correlation of the groui^s of other States with 
those of Texas. He was the first to prove conclusively that the Cre- 
taceous of the other Gulf States^ was represented in Texas and also to 
iutimate the occurrence there of the Dakota sandstone.' 

Dr. E. H. Loughridge, in his sketch of the geology of the State,^ 
ahows clearly the occurrence of the Gulf States formation along the 
eastern portion of the Cretaceo us areas of Texas, and traces it to tbe 
line of the Red Eiver, north of which it had been identified and studied 
by D. D. Owen, in Arkansas, many years before. 

From the observations of all these geologists the following is at 
present known concerning the Texas Cretaceous : 

(1) It has been studied hastily and independently along three widely 
separated, parallel cross sections, to wit, by Dr. G. G. Shumard and by 
Jules Marcou along the northern borders, by Dr. Ferdinand Roemer and 
by Dr. Benjamin F, Shumard in the central (Austin and New Braun- 
fela) region, and by Arthur Schott along the Rio Grande. The sec- 
tion as studied by the last mentioned, being the continuation of Mexi- 
can geologic features into Texas, has but slight resemblance to the 
Cretaceous of the rest of the State, so far as it has been studied. 

Concerning the rest of the State two diverse opinions have been pre- 
sented, especially concerning the order of sequence and the correlation 
of the Cretaceous strata of most of the State of Texas, one of which is 
bised upon observations of a cross section south of Austin across the 

been done by Meek and Hayden in Nebraska and Kansas and Newberry in New 
Mexico, they would probably be foand in this position. I have now the pleasnre of 
informing you that further explorations in Lamar County, near the Red River, have 
resnlted in the discovery, by Dr. G. G. Shumard, of numerous impressions of leaves in 
alternations of yellowish sandstones and bluish shales which are believed to occupy 
a position below the Marly C lay or Red River group of my section, and which wo re- 
gird as being on a parallel with the lower beds of No. 1 of the Nebraska section. 
The collection made by Dr. G. G. Shumard contains several species of monocotyled- 
onous leaves which appear to belong to the genera Salix, Ilex, Laurus, &c. I am 
unable to determine positively the generic affinities of these leaves, for want of proper 
works of reference, but shall submit the collection to a competent fossil botanist, and 
think they will be found analogous to those discovered by Meek and Hayden at the 
base of their Nebraska section. (Trans. Acad. Sci. St. Louis, Vol. II, p. 140. Bead 
Nov. 5, 1860.) 

» Trans. Acad. Sci. Saint Louis, Vol. II, p. 152, 1861, andProc. Bost. Soc. Nat. Hist, 
Vol. VIII, pp. 188-205, 1861. 

"Trans. Acad. Sci. St. Louis, Vol. II, pp. 140, 141. 

'Tenth Census: Report on Cotton Production in the United States, Vol. V, Part 
ipp. 65J-629. Beport on the Cotton Production in the State of Texas, 1884, 
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eastern escarpment of tbe central region while tbe other is based upon a 
cross section along the northern border of tbe State. Tbe first of these 
opinions, formulated by Koeraer and reiterated by Dr. B. F, Shumard, 
makes the eastern division of tbe Cretaceous (tbe Gulf series) tbe oldest 
and the northwestern tbe newest, and correlates tbe whole with Euro- 
pean strata later than the Gault. 

Tbe other opinion, and tbe one hitherto least accepted, partially on 
account of its manner of presentation, is that the Cretaceous strata are 
exposed in descending series in going from east to west, and that tbe 
limestone group is of tbe Neocomian age instead of Senonian, or White 
Chalk, as asserted of these strata farther south by lioemer and tbe Shu- 
mards. This is tbe opinion of Jules Marcou, as briefly expressed in 
1 858, and I think it the most plausible. 

Concerning tbe extent of this formation in Texas much has been 
given. Roemer platted the eastern boundary from Clarksville, Red 
River, to near Laredo, on the Rio Grande. This boundary has not been 
changed by more recent observations, but rather confirmed.^ The 
Cretaceous has been reported west of this line far beyond the western 
boundary of the State, being interrupted only where it has been denuded 
from above the Paleozoic and early Mesozoic areas. 

It is also very well demonstrated that the eastern portion of this Cre- 
taceous is a continuation of the Rotten Limestone and probably other 
subdivisions of the Cretaceous from the other Gulf States; that in tbe 
central i)ortion of tbe State there is a lower division from which the 
overlying strata have been eroded, which is unique and probably older 
than the marine Cretaceous of tbe United States and different from 
them; and that along the lower Rio Grande there is an elongated area 
of coal bearing strata, which Mr. Schott denominates late Cretaceous 
and which has marked paleontologic afl&nities with tbe Upper Cretaceous 
of the Northwestern States and Territories.^ 



1 Dr. R. H. Longhridge givesthe eastern boundary of the Cretaceous a great western 
deflection from San Antonio to Eagle Pass. This is a mistake, founded primarily on 
an error of Conrad's, whereby he gave the wrong localities to certain Tertiary fossils, 
now known to be from the vicinity of Laredo. See p. 85; also, Teuth Census, Vol. 
V, Part I, Report on Cotton Production in Texas. 

® There is reason to believe that these late Cretaceous coals underlie much of the 
Rio Grande, trans-Pecos, and Upper Canadian regions of the State. They have been 
recently reported all along the Rio Grande between Laredo and El Paso, at White 
Oaks, New Mexico, and at other places. They are probably the same coals of which 
Dr. Edward Hitchcock speaks in his Report accompanying Exploration of the Red 
River of Louisiana in the year 1852, by Randolph B. Marcy, captain Fifth Infantry. 
1854, 33d Congress, Ist session, House of Reps. Ex. Doc, Appendix D, p. 144. He says : 
" I ought to have mentioned that among the specimens in my hands is one of lignite, 
collected July 3 near the sources of Red River, not far from the Llano Estacado 
and within the limits of the gypsum deposit to be described. It is an exceedingly 
compact coal and burns without flame, emitting a pungent but not bituminous odor. 
It is doubtless Tertiary or Cretaceous, but I think, if in large masses, it might easily 
be mistaken for anthracite.'' 
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THE SO-CALLED LAEAMIE. 

Fo observations of the true brackish water Laramie formatioDi which 
marks the transition from Cretaceous to Tertiary in the West, have 
been recorded from Texas. The term has been misapplied ^ to the lig- 
nitic strata at the base of the Gulf Tertiary in Eastern Texas, but this is 
not the true Laramie of the West. That the same species of vegetation 
grew along the coast of the marine waters of the old Gulf of Mexico as 
well as of the great Laramie basin in the interior of the continent is more 
than probable, but the term Laramie is a local group name and is not 
applicable to the synchronous subdivisions of the marine Oretaceo-Ter- 
tiaries.^ 

That the true Laramie may occur in the trans-Pecos region is not im- 
probable, but it has not as yet been so recorded. 

THE TERTIARY. 

But one area of Tertiary formations has been positively identified in 
Texas, and that is the continuation of the Gulf States (marine) Tertia- 
ries from Louisiana and Arkansas into its northeastern borders. Prof. 
Angelo Heilprin^ has said nearly all that can be said of them. He 
remarks : 

Tlie Tertiary formations of this State are yet too imperfectly known to admit either 
of an absolute localization of the various boundary lines or of an accurate subdivis- 
ion into the minor geological groups. It may be safely assumed, however, from the 
geological conformation of the neighboring States, that all, or nearly all, of the divis- 
ions ranging from the Eolignitic to the Grand Gulf, inclusive, are represented, and 
that the positions occupied by these follow each other in regular succession, begin- 
ning with the oldest, from the interior coastward, with a general dip to the south- 
east or oast. The geological notes on this region by Schott, Hall, and Conrad, and of 
Shumard and Buckley are exceedingly meager and unsatisfactory, and give us barely 
more than a general idea as to where the Tertiary formation exists. 

According to Dr. Loughridgc, who, more than any other geologist, has closely in- 
vestigated the outcrops of the different formations occurring throughout the State, 
the Cretaceo-Tertiary boundary line starts on the northeast from the Eed River at a 
])oint a £bw miles above Texarkana, on the Arkansas frontier, and, taking a general 
southwestern direction, passing at or near Clarksville, Red River County; Corsi- 
cana, Navarro County ; Marlin, Falls County; Cameron, Milam County ; Elgin, Bas- 
trop County ; Soguin, Guadalupe County ; and the northwest corner of Atasoosa, 
crosses the Rio Grande at about the mouth of Las Moras Creek. 

Professor Heilprin also says (p. 38) that the *- westerly deflection, in- 
dicated as beginning a few miles south of San Antonio and extending 
to the Kio Grande, can scarcely be said to be definitely proved as yet, 
although Loughridgc affirms that ' the glauconitic sandstones mentioned 



1 On the Zoological Position of Texas, by Edward D. Cope. Bull. U. S. Nat. Mas., 
No. 17, p. 5, Washington, 1860. 

2 In justice to Professor Cope ifc is but fair to state that this is more of a difference 
of opinion as to nomenclature than as to geologic time. 
3 Contributions to the Tertiary Geology and Paleontology of the United States, by 
Angelo Heilprin, pp, 37 et seq., 1884. 
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by Mr. Schott as occurring along the river [Rio Grande] from the Cre- 
taceous rocks at the mouth of Las Moras Creek, north of Eagle Pass, 
southward to lloma, near Rio Grande City, are doubtless of Tertiary 
age.^ Further evidence is needed on this point, however, although some 
confirmation of the supposition is lent by the discovery of Tertiary fos- 
sils {Oardita pJanicosta among others) in a locality (Arroyo las Minas), 
situated between' El Paso and Leon/'^ 

I have carefully studied the literature and the facts concerning this 
supposed western deflection of the Tertiary strata as reported by Lough- 
ridge in Texas and accepted by McGee in his map of the United States 
accompanying the Fifth Annual Report of the U. S. Geological Survey. 
The first recorded boundary between the Cretaceous and the marine 
Tertiary was that made by Roemer in his writings before mentioned. 
It was practically the same as that of Loughridge, without this west- 
ern deflection, and made the Cretaceous end on the Rio Grande near 
Presidio del Rio Grande, a short distance above Laredo. The work 
of the United States and Mexican boundary survey is misinterpreted 
through a small error of Conrad, who in his published description 
states that the Cardita planicosta comes from Arroyo las Minas, a 
small creek in what is now Zavalla County. The label pasted upon 
the original type specimen of this fossil,'* in Mr. Arthur Schott's hand- 
writing, as identified by his son, Albert L. Schott, reads as follows: 
"Cretaceous ridges next to the Arroyo Sufre, in the vicinity of Mier, 
Mexico. Schott, October, 1853." Hence it is presumable that this 
fossil is valueless for determining the alleged western deflection. Dr. 
Loughiidge's other data for making this change in the accepted map is 
his belief that certain strata described by Schott as Cretaceous are Ter- 
tiary. I have described these strata on page 7G, and from personal ob- 
servation, as well as from much paleontologic material in the U. S. Na- 
tional Museum, I know them to be Cretaceous. Among the fossils de- 
scribed from them by Conrad, and with locality labels pasted upon them 
by Schott, are the following from Jacun, three miles east of Laredo : ^ 
Ammonites pleuriseptaj Exogyra costata^ Inoceramus cripsii Mantell, L 
Texanus Conrad, Ostrea crenulimargo Roemer, Dosina, Turritella, Natieaj 
and Ammonites pleurisepta Con.* These fossils are positively known to 
belong to the Cretaceous, and the locality where they occur is one hun- 
dred and fifty miles east of the boundary of that formation as deflected 
by Dr. Loughridge. 

The Exogyra costata and Inoceramus cripsii are characteristic fossils 
of the Upper Cretaceous of all the Gulf States, and the Ammonites pleu- 

* Report U. S. and Mex. Boundary Survey, Vol. I, Part II, pp. 141 and 161. 
2 Now in collection of the U. S. National Museum. 

3 Report on U. S. and Mex. Boundary Survey, Vol. I, Part II, p. 143. 

* Ibid., p. 159. This species is described under the name of Ammonites pleurisepta, but 
figured (Plate XV) as A, pedemalis, 
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risepta of Conrad is a typical fossil of the peculiar formation which Mr. 
Schott described and is now known to be very late Cretaceous. Even 
were it not for the original label pasted on the Cardita plaiiicostaj al- 
leged to be from Arroyo las Minas, a glance at the fauna among which 
it is placed by Mr. Conrad^ would be sufticient to show that it is a stray 
specimen, for the rest are all typical Cretaceous forms. Instead of this 
western deflection of the Tertiary in Texas I am of the opinion, from the 
evidence we have, that it is many miles to the east of Laredo. 

This eastern or Gulf Tertiary has been recognized as such by several 
authors under many names. Eoemer noted the presence of beds simi- 
lar to those at Fort Claiborne, Ala., and after a , revision of all the 
printed evidence it is to be doubted whether much more is known about 
the Tertiary in Texas than is implied in his remark and noted on his 
map, to wit : 

It is hardly to be believed that this Tertiary formation of Texas is to be foand 
exclusively in the country of the Brazos [where he observed it]. It occupies a very 
similar zone to the Tertiary of Alabama, Mississippi, and other States, and like it, 
at most places is at the foot of the Cretaceous to the west and covered to the east by 
diluvial strata. (Texas, p. 372. ) 

Several other areas of the Tertiary have been reported besides this 
continuation of the Gulf group. The principal of these are the two 
anomalous forest regions known as the cross timbers. Dr. S. B. Buck- 
ley calls these Tertiary, Miocene, Eocene, &c. in his reports, but his evi- 
dence, as stated, is not such as to warrant his deductions. 

The stratigraphy of the Tertiary in Texas has been neglected en- 
tirely, and we have nothing concerning its exact relation to the Creta- 
ceous below or to the later formations. Neither is there any informa- 
tion concerning the stratigraphy of the group itself. In fact, the de- 
velopment of these strata is still to be made. AH that can possibly be 
said of it at present is that it possesses certain broad resemblances to the 
Tertiary of the other Gulf States and that it consists of unstudied strata, 
lignitic at the base and ferruginous higher up. It rests upon the Cre- 
taceous strata, but no evidence has been taken to ascertain whether it 
is simply a continuation of the sedimentation of that period or whether 
there is a non-conformity between them. Neither is there any evidence 
concerning its relation to the post-Tertiary strata. 

QUATERNARY AND OTHER POST-TERTIARY STRATA. 

Very little is known concerning the surface geology of Texas or of the 
later formations, but it is apparent that the great deposits of the coastal 
region result from the erosion of the interior surface. ]3r. Ferdinand 
Koemer wrote the most of what we now know of these formations. He 
divides the coastal region of Texas into the alluvial and the diluvial re- 
gion and describes the character of the drift and depositions of each. 

^ Ostrea carmata Lam., O, anomio'fonnis Iit)emer, Neiihia occUlentaUs Con. Report 
U. S. and Mex. Bound. Survey, Vol. I, Part II, i>. 143. 
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He showed that there was considerable very recently made land extend- 
ing for a varying distance inland from the coast, and that it was so 
recent in deposition that it contained at Houston, 50 miles inland, the 
fossil shells whose living representatives are found in the bay of Galves- 
ton. He also describes with much clearness certain of the older drifts, 
but his descriptions are purely local. Dr. E. H. Loughridge notes the oc- 
currence of Quaternary stratified drift as composing the arenaceous, cross 
timber region of Central Texas, and other writers have noted the drift 
of the lower Brazos, Bed, and Colorado Eivers. The various papers of 
the United States and Mexicah boundary survey reports describe sev- 
eral peculiar drift formations of the Eio Grande along its course from 
its mouth to El Paso. The presence of a fine, decomposing mass of peb- 
bles over the gypsum beds has also been mentioned by writers on that 
region. In fact, the literature is full of fragmentary reference to local 
superficial formations, which we are left to presume to be of any age we 
please, but absolutely nothing has been done towards classifying these 
phenomena. It is well known that the "red rises" of the great rivers 
of the Texas region have been carrying down their loads of sediment, 
taken from the receding escarpment of the plains among which they 
rise, and depositing them in the lagoons along the coast. The richest 
sugar lands of Louisiana and Texas have been built up in this manner, 
in almost recent times, and the vastness of the process is grand and im- 
pressive beyond expression. No other theme is so promising to the fut- 
ure geologist in the region under discussion as the subject of the laws 
of distribution and the age of the post-Cretaceous formations of Texas 

GEOLOGICAL DEDUCTIONS. 

From these fragmentary writings we can only make the following 
general deductions concerning the geology : 

The Cambrian and Pre-Cambrian strata probably underlie the State 
and extend as far west as the Grand Caiion of the Colorado. Upon 
these are deposited Lower Silurian rocks, with occasional outcroppings 
in the limited central and transPecos areas. The Devonian strata are 
absent. The Carboniferous strata present two phases and are in two 
widely separated areas, the first being a continuation of the Missouri 
coal fields through Indian Territory into Northern Texas and the other 
being a continuation of the non coal bearing strata from the great West. 
Little is known of the intimate relations of the strata between the well 
defined Carboniferous and the Cretaceous, but there are many ideas 
concerning them : (1) The older Mesozoic, consisting of an extensive 
deposit west of the ninety-ninth meridian, extending all the way, per- 
haps, from the typical Coal Measures of the Carboniferous to the well 
defined fossiliferous lower Cretaceous. This group comprises the gyp- 
sum bearing strata, and has been called in our literature Permian, 
I^ermo-Carboniferous, Triassic, Jura-Trias, and the Dakota group of 
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the Cretaceous. The minate stratigraphy of these strata has never been 
studied and their exact age is still an unsolved problem. (2) The fos- 
siliferous Lower Cretaceous, being easily distinguished everywhere by 
its unique lithologic and i)aleontologic characters. It overlies nearly 
all of the older formations, the latter being exposed usually by the ero- 
sion of its strata. Concerning the character and extent of this forma- 
tion very little is known, and it is only determinable by the peculiar 
individuality of its fauna and the interpretation of Mr. Jules Marcou's 
description of a small local outcrop. It can only bo said that this for- 
mation does exist, that it is older than all writers except Mr. Marcou 
have made it, and that its extent seems to be confined to the portion of 
Texas west of the black prairie region and indeterminately southward 
into Mexico. The higher divisions of the Cretaceous immediately over- 
lie this. These have been traced directly from the older Gulf States, 
and, like the succeeding Tertiaries, seem to represent the earlier stages 
of the contracting shores of the present Gulf of Mexico. The Tertiaries 
are generally conceded to be merely a continuation of the Tertiaries 
of the older Gulf States, with local variations. The coast of the Gulf 
of Mexico of to-day is a continuation of the results of the same forces 
in operation since Middle or early Cretaceous time, so far as can be 
ascertained by interpretation of all the evidence. 

GENERAL CONCLUSIONS. 

Only a word is necessary to express the net results of all the obser- 
vations described in the previous pages. The following facts are ob- 
vious : 

(1) There is no accurate knowledge of the essential topographic feat- 
ures of Texas upon which geologic work can be based. 

(2) The geologic work has been fragmentary, unconnected, uncorre- 
lated, and unsystematic throughout. It has been mostly descriptive 
paleontology instead of stratigraphic work. 

(3) There has been very little accurate stratigraphic work recorded. 

(4) Most of the literature deals with broad generalities rather than 
with specific description. 

It is evident that very little of the work deserves to be classified 
above preliminary reconnaissance and that the need of the future is ap- 
parent: the careful study of typical sections by combined stratigraphic 
and paleontologic data, the tracing of the extent and variation of these 
features, and, first of all, a correct and reliable topographic survey of 
the entire State. There is not on record a clear and intelligible section 
of a single local area. 

In the preceding pages I have tried to prepare the way for honest 
students to take up the work without long years of weary research in 
endeavoring to find out what has been done in this great region. No 
portion of our country is more pregnant with unstudied features of 
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geologic interest. Important relations in the history of the continent 
have been traced to its borders on every side and stopped there by a 
want of minate knowledge of its formations. To the stadent who will 
undertake the solatiou of a single one of the questions involved the re- 
ward will be results of incalculable value. Among these problems 
are the history of the . river systems, the elevation of the land feat- 
ures from, the sea, the effects and the results of subaerial erosion, the 
intimate features of the stratigraphy, the tracing of ancient interior 
continental shore lines, the history of the recession of the escarpment 
lines (esi>ecially that of the Llano Estacado), the building up of the 
coast by the sedimentation resulting from this erosion, the accurate enu-' 
meration and distribution of typical faunas, and the stratigraphic posi- 
tion of its fossils, and, chief of all, the deduction from these scientific 
determinations of those economic results appertaining to agriculture, 
industry, and commerce without which the true possibilities and im- 
possibilities of the great region will forever remain unknown and its de- 
velopment depend upon blind and costly experiment. 

(467) 



INDEX. 



A. 

Page. 

Abert, J. W., journey of, through Texas 20 

Adams, W. H., paper on coal bearing strata of Texas by 44 

Archean and earlier Paleozoic strata of Texas 55-67 

Artesian well experiment 27 

Ashburner, C. A., study of coal fields of Texas by 43 

section at Fort Belknap by 58, 59 

on age of Carboniferous limestone in Texas 62 

Austin, S. F., map of Texas by 12 

Austin limestone 78, 79 

B. 

Blake, W. P., work of, on Pacific Railway survey reports 26, 27 

Boll, J. , fossU collections of, in Texas •. 44 

on age of Permian in Texas 66 

Bracht, Victor, work by, in encouragement of German immigration to Texas . 15 

Broadliead, G. C, aid acknowledged 28, note 

Bryan, F. N., survey of Texas by 22 

Buckley, S. B., employment of, on First Geological Survey 32-36 

appointment of, as State geologist on Second Geological Survey 40 

work of, on Second Geological Survey 40, 42 

on occurrence of coal in Texas , 59 

Burleson, R., work of, on Second Geological Survey 40 

C. 

Caprina limestone 77, 78 

Caprotina limestone 79 

Carboniferous of Texas 17, 57-62 

Central Carboniferous area 58, 59 

Coke, Richard, veto of appropriation to Geological Survey by 42 

Comanche Peak group 78 

Conrad, T. A., geologic work of, in Texas 24 

Cope, E. D., studies of zoology and paleontology of Texas by 43, 44 

observations of, on Jura-Trias of Texas 69 

Cretaceous of Texas 71-83 

Cross timbers, extent of Texas 51 

Cummins, W. F,, vertebrate collections of 43 

on age of Carboniferous limestone 62 

on the Permian in Texas 66, 67 

on age of gypsum strata in Texas • 69, 70 

91 
(469) 



92 INDEX. 

D. ^ 

Dana J. D., on the Permian of Texas 64 

Davis, E. J., appointment of State geologist by 30 

Denison, Tex,, exposure of Cretaceous rocks near 75, 76 

DeRyee, W,, on Permian of Texas 65, 66 

Devonian, absence of, in Texas 57 

E. 

Emory, W. H., field work of, in Texas 24 

Empresario grants, character of 12 

F. 

First Geological Survey (Shumard) 29-^38 

Forshey, C. G., contributions of, to the geologic knowledge of Texas 42 

Freeman, Lieutenant, exploration of 19 

G. 

Gannett, H., estimate of water area in Texas by oO 

General conclusions 88, 89 

Geologic deductions 87, 88 

Glenn, J. W., work of, on Second Geological Survey 38-40 

Gulf Tertiary . . . .• 86 

Gypsum strata of Texas 69, 70 

H. 

Hall, Charles E. , appointment of, as assistant geologist 39 

Hall, James, geologic work of, in Texas .24 

on age of Carboniferous limestone in Texas 60, 61 

Havard, V. , contribution to the topography of Texas by 45 

Heilprin, A., contributions to geology of Texas by 47 

on Tertiary of Texas 84, 85 

Hitchcock, Edward, contribution to mineralogy of Texas by 24 

on lignite of Texas 83 

Holley, Mary A., work on Texas by 12 

Humboldt, Alexander von, geologic and geographic work of, in Texas 9, 10 

J. 

Jenney, W. P., article on Texas geology by 44 

section at El Paso by *. 57 

Jurassic rocks of Texas 70, 71, 75 

Jura-Trias, or gypsum strata, of Texas 69, 70 

K. 

Katteyer, G. H. , analyses by 40 

Kendall, G. W. , contributions of, to the geologic knowledge of Texas 42 

Kennedy, William, contributions by, to the knowledge of the topography, 

geology, and natural history of Texas 9, 10, 13, 14 

Kimball, J. P., contributions to geology of Texas by 45 

(470) 



INDEX. 93 



Pago. 

Laramie, occurrence of, in Texas 84 

Lee, C. K., aid acknowledged 28, note 

Llano Estacado, extent of 51 

Long, S. H., report of, on exploration of Texas 19, 20 

Loughridge, R. H., contributions of, to topography and geology of Texas 44 

description of topography of T?xas by 50-52 

on Cretaceous of Texas '. 82. 83 

on Tertiary of Texas 85, 86 

on occurrence of Quaternary drift 87 

Lower Cretaceous of Texas 79, 80 

M. 

McClellan, Geo. B., barometric and astronomic observations by 33 

Mainz- Verein, work of, in encouragement of Texas iumiigration 14 

Marcou, Jules, geologic work of, in Texas 25, 26 

contributions by, to the geology of Texas 58 

observations of, on Jura-Trias of Texas 69 

on Jurassic of Texas 70 

on Cretaceous of Texas 74-76 

rearrangement of Shumard's section by 80, 81 

Marcy, R. B., map of Texas by 22 

geologic work in Texas under direction of 23, 24 

observations of, on Jura-Trias of Texas 69 

Meek, F. B., contributions to paleontology of Texas by 46 

Mesozoic strata, on the existence of, in Texas 68 

Michler, N., jr., military reconnaissance of 21 

contribution to the geography and topography of Texas by 22 

Moore, F. M., appointment of, as State geologist 34, 35 

Morton, S. G. , contributions to paleontology of Texas by 46 

N. 

Neocomian of Marcou 70 

Newberry, J. S., on Pemuan in United States'* 62 

Nolan, Philip, topographic map of Texas by 11 

Norton, A. D., aid acknowledged 28, note 

O. 

Owen, D. D., geologic work of, in Texas 82 

P. 

Pacific Railroad surveys 25-27 

Paleozoic of Texas , 17, 55-57 

Parry, C. C, geologic work of, in Texas 25 

on occurrence of Carboniferous in Texas 60 

"Permian," indefinite use of 62, 63, 65 

Permian of CojiQ and of Shumard 65-68 

Permian of the Wichita region of Texas 66 

Permian or Permo-Carboniferous of Texas \ , ^j;tr-^& 

(471) 



94 . INDEX. 

Page. 

Pike, Z. M. , exploration of Upper Arktinsas region by 19 

Pope, John, thirty-second parallel survey by 26, 27 

artesian well experiment of 27 

Q. 

Quaternary and other Post-Tertiary strata of Texas 86, 87 

R. 

Red River of Louisiana, exploration of 23,24 

Riddell, W. P., work of, on First Geological Survey 31 

Roberts, O. M., contributions of, to physical geography of Texas 42 

Roemer, Ferdinand, contributions by, to the geology and paleontology of 

Texas 15-18 

estimate by J. W. Glenn of the value of the rejwrts of 39 

on Cretaceous of Texas 71-73 

Kreidebildungen of, quoted 72 

on boundaries of Cretaceous formation in Texas 83 

on Quatemaiy and later formations in Texas 86, 87 

Roessler, A. R., appointed topographer of First Geological Survey 30 

work of, on State surveys .^ 37, 39 

maps of Texas by 45, 50 

Runnels. H. R., appointment oi State geologist by 30 

S. 

Scheele, Adolph, description of jilants of Texas by 16 

Scheri)f , G. A. , map of Texas by 14 

Schott, Arthur, geologic work of, in Texas 24 

on Cretaceous of Texas 76, 83 

on boimdaries of Tertiary and Cretaceous in Texas 85, 86 

Second Geological Survey (Glenn- Buckley ) 38-42 

Shumard, B. F., descriptions of Carboniferous and Cretaceous fossils by ... . 24 

contributions to geology of Texas by 27 

First Geological Survey of Texas conducted by 29-38 

report on Texas fossils by 60 

report on Permian fossils of Texas by 63 

section of Cretaceous of Texas by 76-80 

criticisms on Cretaceous section of ^0, 81 

on Cretaceous of Texas 81, 82 

Shumard, G. G. , geologic observations of, in Texas 23, 24 

contributions to geology of Texas by 27 

field work of, on First Geological Survey • 30, 31 

observations of, on Lower Silurian of Texas * 56, 57 

on occurrence of coal in Texas 58 

on stratigraphic features of trans-Pecos area 61 

report on stratigraphy of trans-Pecos region by 63, 64 

observations of, on Jura-Trias of Texas 69 

observations of, on Cretaceous of Texas 73, 74 

Simpson, Friench, aid acknowledged 28, 7iote 

statement of expenditures of Second Geological Survey by 41 

Smith, W. F. , military reconnaissance of 21 

exploration in Texas by 22 

Solma-Braunfels, Prince Carl, German hand book for Texas inamigrants by. . 13, 14 

(472) 



/ 



t 



INDEX. 95 

T. 

Page. 

Taylor, N. A., aid acknowledged .* .28, note 

contributions of, to the geologic knowledge of Texas 48 

on Jurassic of Texas 70, 71 

Tertiary of Texas 17, 84-86 

Texas, endeavors of, to establish a geologic survey 87, 28 

succession of scientific explorations in 48 

topography of 49-r53 

list of geologic formations in 54 

Texas land office, map of Texas issued by 13 

methods of and maps published by , 29 

Thirty-fifth parallel survey 25, 26 

Tliirty-second parallel survey 26, 27 

Tracey, J. G., aid acknowledged 28, note 

Trans-Pecos Carboniferous area . . . 59-62 

Trans-Pecos region of Shumard 63-65 

U. 

United States, establishment of forts in Texas by 20 

United States and Mexican boundary survey 24, 25 

United States Geological Survey, work of, in Texas 47, 48 

United States military reconnaissances and explorations 18-27 

Upper Cretaceous of Texas ; 77-79 

W. 

Walcott, C. D., publications. on Paleozoic rocks of Texas by 45, 46, 55, 56 

Washita limestone 79 

Whiting, W. H. C, military reconnaissance of 21, 22 

Whipple, A. W., survey of the thirty-fifth parallel by 25, 26 

White, C. A., contributions of, to paleontology of Texas 37, 46, 47 

(473) 

O 



DEPABTMEitT OF THE ISTEKIOE 



BULLETIN 



trNITED STATES 



GEOLOGICAL SURVEY 



No. 46 




WASHINGTON 

GOTKENMENT PBINTIMG OFFICE 

ISSS 



UNITED STATES GEOLOGICAL SURVEY 

1, \Y. POWELL, DlltEClXJl: 



NATURE AND ORIGIN 



DEPOSITS OF PHOSPHATE OF LIME 



R. A. P. PENKOSE, Jr. 



IHTBODIICTIOS BY N. S. SUALEK 




WASHINGTON 

aOVEBNMENT PRINl'liyG OFFICE 

1888 



CONTENTS. 



Page. 

Introduction by N. S. Shaler 9 

Importance of phosphate of lime in nature *21 

Classification of deposits of phosphate of lime 21 

Mineral phosphates 22 

Apatites 22 

Apatites of Canada 23 

Apatites of Norway 42 

Apatites of Spain 45 

Phosphorites , 46 

Phosphorites of Nassau 46 

Phosphorites of southwestern France ; 48 

Phosphorites of Spain 53 

Kock phosphates 59 

Amorphous nodular phosphates 60 

Amorphous nodular phosphates of South Carolina 60 

Amorphous nodular phosphates of North Carolina 70 

Amorphous nodular phosphates of Alabama 75 

Amorphous nodular phosphates of Martha's Vineyard 78 

Amorphous nodular phosphates of Florida 78 

Amorphous nodular phosphate deposits of North Wales 80 

Amorphous nodular phosphate deposits of Englaud 84 

Phosphate beds of Cretaceous Upper Greensaud 84 

Phosphate beds of Cretaceous Lower Greensand •• 90 

Tertiary phosphate beds 94 

History of the rock phosphates of England 96, 

Phosphates of Belgium 102 

Phosphates of northern France - 107 

PJiosphAtes of central France Ill 

Phosphates of Russia 112 

Phosphatic limestone beds 116 

Phosphatic limestones of Kentucky 116 

Guanos 117 

Soluble guanos , 117 

Leached guanos - 122 

Bone beds 126 

Cave deposits. 126 

Lacustrine deposits 127 

Bibliography 129 

(479) 5 



ILLUSTRATIONS. 



Page. 

I.TB I. Map showing location of phosphatic deposits of South Carolina GO 

II. Map sho\ying location of phosphatic deposits of North Carolina 70 

III. Map of European Russia, showing the phosphate beds 112 

3. 1. Section at Olympia, Bath County, Ky 15 

2. Apatite in the Bonanza pit, Union mine, Portland, Ottawa County, 

Quebec 24 

3. Section on south side of hill on north side of Bheaumo Lake, Temple- 

ton', Ottawa County, Quebec 25 

4. Dike at the Union mine, Portland West, Ottawa County. Quebec 26 

5. Ideal section southeast and northwest through the Emerald mine hill, 

Buckingham, Ottawa County, Quebec 26 

6. Section in a pit near the Emerald mine (looking west), Buckingham, 

Ottawa County, Quebec 27 

7. Section of apatite vein near Smithes mine, Oso, Frontenac County, 

Ontario 28 

8. Surface rock at Fumer's Island, Clear Lake, Canada 28 

9. Pyroxene surface. Star Hill, Union mine, Portland West, Ottawa 

County, Quebec 29 

10. Opening in the west side of a hill near Smith's mine, Oso, Frontenac 

County, Ontario 29 

11. Bowlder of country rock embedded in pyroxene etc.. High Rock mine, 

Portlaitd West, Ottawa County, Quebec 30 

12. Section of one of the northwest and southeast veins at Foxton's mine, 

Loughboro^ B^ontenac County, Ontario 30 

13. Horizontal section showing natural cavity in vein, Loughboro', Fron- 

tenac County, Ontario 31 

14. Northeast side of a pit at North Star mine, Portland East, Ottawa 

County, Quebec 32 

15. Southwest shle of a pit at North Star mine, Portland East, Ottawa 

Connty, Quebec 33 

16. Southeast side of a pit at North Star mine, Portland East, Ottawa 

County, Quebec 34 

17. Northwest side of a pit at North Star mine, Portland East, Ottawa 

County, Quebec 35 

18. Part of the northeast wall of McLaurin's mine, Templeton, Ottawa 

County, Quebec 35 

19. Section at McKenzie's opening, looking ENE., Bowman, Ottawa 

County, Quebec 36 

20. Section in a pit near the Emerald mine, Buckingham, Ottawa County, 

Quebec 38 

21. North side of the cut in the west side of North Star hill, Portland 

East, Ottawa County, Quebec 39 

(481) 1 



8 ILLUSTRATIONS. 



Fig. 22. Section at Cabach, Nassau, Prussia, after D. C. Davies 47 

23. Section at Staffel, Nassau, Prussia, after D. C. Da vies 47 

24. Section from Truxillo to Logrosau, Sp^^iu, after Daubeny and Wid- 

drington 54 

25. Ground plan of tbe C^ceres mines in 1875, after C. U. Sbepard, jr 5(i 

26. The Estrella deposit iu Estremadura, Spain, after C. U. Shepard,jr-. 57 

27. Section £NE. and WSW. through Pinckuoy's phosphate field, South 

Carolina 64 

28. Average section in Pinckney^s phosphate mine, Berkeley County, S. C. 64 

29. Section in one of Fishbiirne's pits. South Carolina 65 

30. Strata overlyiug the phosphate bed at Castle Hayne, New Hanover 

County, N. C 73 

31. Section in quarry at Rocky Hill, on Lochloosa Creek, near Magnesia 

Springs, Alachua County, Fla 79 

32. Section of strata at Cwmgwynen phosphd.te mine, southwest of Llan- 

gynog. North Wales, after D. C. Davies 80 

33. Section of strata at Berwyn phosphate mine, west of Llangynog, North 

Wales, after D. C. Davies 81 

34. Distorted bod in Cambridgeshire, Eugland, after O. Fisher 90 

35. Section at Upware, Cambridgeshire, England, after W. Keeping 90 

36. Section at Sandy, Bedfordshire, England, after J. F. W^alker 91 

(482) 



4 



INTRODUCTION. 



By K S. Shaler. 



The circumstances which have led to the preparation of the sub- 
joined report on mineral phosphates are as follows, viz : In 1870 the 
present writer was employed by the Superintendent of the Coast Sur- 
vey, the late Benjamin Peirce, to examine the phosphate beds of South 
Carolina with a view to determining the limits of that field ; it was 
also deemed desirable to ascertain, if possible, the conditions which led 
to the formation of the deposits. 

It was at that time the intention of Professor Peirce to have the 
geology of the belt of country within the limits of the Coast Survey 
maps carefully determined, so that they might be shaped in a way that 
would better serve the commercial interests of the country and also 
have a greater scientific value. After a time it appeared that there 
were legal difficulties in the way of publishing these studies in the re- 
ports of the Coast Survey and this work was suspended. It was the 
hope of Professor Peirce to secure a modification of the law, but before 
this was accomplished he retired from the post of Superintendent and 
his successor deemed it best to abandon the project. During the two 
years in which I was engaged in this work on the geology of the coast 
line I became very much interested in the problems connected with the 
origin and distribution of phosphatic deposits. From 1873 to 1880, 
while employed as State geologist of Kentucky, I had a chance to see 
a good deal of the somewhat phosphatic limestones of the CambroSi- 
Inrian sections, a set of beds which, by their decay, have given great 
fertility to the soils that lie upon them. The researches of Dr. Eoberfc 
Peter, the chemist of that survey, made it plain that the phosphatic 
contents of the soils are among the first materials to be exhausted by 
the careless tillage which characterizes our American agriculture, and 
that they are the most costly to restore to the soil. 

Extending the general inquiry to the grain-producing districts which 
lie to the north and west of Kentucky, it became evident that all those 
States, which are now the granary of this country and the chief source 
of supply for European marke ts as well, are rapidly exhausting their 
soils and will soon be in grave need of phosphatic manvxt^^. TV\fc\\s^- 
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portance of such mannrcs has so fcir boeu well recognized only by the 
cotton growers ot this country, yet it is eviilen*i that in a short time 
this class of fertilizers will be equally in demand for all forms of grain 
crops. 

These considerations have led me to the conclusion that the geolog- 
ical history of phosphatic deposits should receive more deliberate atten- 
tion than has yet been given to it. 

When I began my work in the U. S. Geological Survey, I asked per- 
mission of the Director to continue my studies on phosphatic deposits. 
There was at the time no money available for these studies; it was 
therefore necessary that they should be carried on without other ex- 
pense to the Survey than that involved in the small share of my time 
which could be given to the supervision of the work. It was my good 
fortune, however, to find in one of my students of geologj\ Dr. E. A. 
F. Penrose, jr., a piTson who was willing at his own cost to under- 
take a preliminary study of the whole field as far as our knowledge ex- 
tends and thus to prepare the problems concerning American phosphate 
deposits for detailed inquiry. This work he has pursued with great 
intelligence and energy during the two years in which he has been 
engaged in it. In this task he has examined all the known phosphate 
deposits of the United States and Canada and has made a careful in- 
quiry into the literature of the subject, as is shown by the extended 
bibliography which is appended to this report. 

The object of this work being to make a necessary preparation for 
the further study of the American phosphatic deposits, Dr. Penrose's 
studies were not designed to be encyclopedic in their scope, but rather 
to afford a synopsis of what is known of the deposits in this and other 
countries. So little is yet generally known of the several conditions 
under which these deposits may occur that it would be very blind work 
to search for them in this country without a careful endeavor to bring 
together the experience which has been gained in other countries. It 
will be evident to the reader of Dr. Penrose's report that the workable 
deposits of phosphates are found in a greater variety of circumstances 
than those which contain most mineral substances that have an eco- 
nomic value. It is not likely that we have as yet exhausted the inquiry 
into the modes of occurrence of this substance; but this synopsis of 
the experience in this and other countries, which is much more exten- 
sive than any other which has been published, will, I believe, serve as a 
guide to the further search for sources of sui)plies of phosphatic ma- 
nures. It will also be evident to the reader that the conditions of oc- 
currence of these deposits in Europe make it plain that the search for 
them in this country may advantageously be directed to manj' districts 
in which they have not as yet been found. 

So far the vein deposits of apatite, such as those which are so abun- 
dant north of the St. Lawrence, have not been found in workable qaan- 
tities within the limits of the United States, though the general geo- 
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logical conditions of the Laarentian area exist iu the Adirondack dis- 
trict and in the southern parts of the Appalachian system as well as in 
several districts of the Rocky Mountains. It would be remarkable if ex- 
tensive deposits of this nature, so common in Canada and in the equiv- 
alent rocks of northern and southern Europe, should not be found at 
many points in our American Arcbiiean formations. It is on this account 
that so much space in this report is givenjto the description and illus- 
tration of the Canadian apatite deposits. So, too, we may hope to find 
in the ancient rocks of this country deposits analogous to the great 
Logrosan and CAceres veins in the province of Estremadura, Spain. 

The Cretaceous deposits of Belgium (wbich at the present time are, 
next after the phosphate beds of South Caroliua, the moat productive 
in the world) present a type of beds not yet found in paying quanti- 
ties in the United States, though deposits of the same age, formed 
under about the same conditions, abound in this country. It is not 
to be expected that phosphatic deposits will exactly repeat themselves 
in strata of the same age in widely separated regions ; yet it is clear 
from the summary account of the geological distribution of these phos- 
phates in Europe and North America that in the case of these, as well 
as in .that of other substances of value in the arts, there are certain 
guiding principles which we may base on the stratigraphy of the de- 
posits to aid oar search. The known workable deposits of a phosphatic 
nature are limited to certain portions of the geological section. Begin- 
ning at the surface of the deposits now forming, these zones are, in 
descending order, as follows: 

(1) Superficial deposits, includiog (a) those formed in the manner of 
guanos; (b) the deposits formed in the bottoms of fresh- water swamps, 
sometimes in connection with deposits of bog iron ore (hematite^; and 
(c) deposits which are the result of the long continued decay of rocks 
containing a small portion of lime phosphate intermingled with lime 
carbonate, as, for instance, the deposits of North Carolina. This super- 
ficial group of deposits has no other common feature save that they are 
on the surface and are due to causes now or recently in action. 

(2) Deposits of the Tertiary and Upper Cretaceous. These deposits 
are generally the residt of reactions which took place on ancient land 
surfaces, the phosphatic matter being such as formed in swamp beds 
or in ablation deposits like those of the Oarolinas or ot eastern England. 
Below the level of the Cretaceous no important deposits of phosphate 
have been found in the vast section of rocks which lies between that 
era and the Devonian horizons. 

(3) In the horizons below the level of the Upper Silurian bedded rock 
phosphates and apatite deposits occur. These infra-Devonian bedded 
rock phosphates seem to have derived their phosphatic matter from the 
animals, brachiopods and small crustaceans, which separated that sub- 
stance from* the sea insects or other food which the old oceans afforded. 
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These phosphate-bearing invertebrates appear to have been partiealaxly 
abundant in the early Paleozoic seas. 

(4) Below the level of the Silurian the phosphatic deposits which have 
been worked probably belong altogether to the class of apatites or crys- 
tallized lime phosphates^ and are probably all new deposits. They evi- 
dently occur through a large part of the Laurentian section, though, so 
far^ the known deposits of economic importance are possibly limited to 
one portion of that vast series of rocks. 

The apparent absence of phosphatic deposits of economic importance 
in the section between the Devonian and the Cretaceous is remarkable. 
It is possible that it may be due to our lack of knowledge as to the 
chemical character of the deposits in those parts of the earth's crust. 
It is more likely, however, that such deposits do not there exist, owing 
to the fact that the invertebrate species of animals which secrete phos- 
phatic matter in their skeletons became relatively less abundant in the 
middle portion of the geological section; while the vertebrate species, 
the birds which accumulate guanos and the fishes which afford an abun- 
dance of bones and teeth to littoral deposits, as well as the mammalia 
whose skeletons occasionally form a considerable element in the later 
deposits, did not begin to contribute phosphatic matter to the rocks until 
comparatively modern times. 

The absence of phosphatic deposits in the Upper Paleozoic and Lower 
Mesozoic strata is well shown by the fact that, while in the Carbonifer- 
ous and the Triassic beds there are abundant land surfaces which have 
been carefully exi>lored, no phosphatic deposits of economic importance 
have been found in them, while on the relatively very limited areas of 
the Tertiary and Cretaceous formations where old laud areas have beeu 
explored a large number of deposits of beds of nodular phosphate have 
been found. 

From the facts set forth in Dr. Penrose's report and the unpublished 
results of certain studies on swamps, we may draw certain general con- 
clusions as to the best method of prosecuting the search for unknown 
deposits of American phosphates. These conclusions are essentially as 
follows : 

First, as regards the superficial and recently formed deposits of phos- 
phates. We are driven to the conclusion that this class of deposits may 
reasonably be sought for wherever soft calcareous beds containing a cer- 
tain amount of lime phosi)hate have been subjected to long continued 
leaching by waters containing the share of carbonic acid gas which be- 
longs to all rain-water after it has passed through the mat of decayed 
vegetation. As long ago as 1870 I became convinced that it was to the 
leaching out of the carbonate of lime by the carbonated water of the soil 
bed that we owe in the main the concentration of the nodular phos- 
phates of South Carolina.^ Although it is still necessary to explain 

1 See Proc. Boston Soc. Nat. Hist., vol. 13, 1871, p. 2asJ. ' 
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many of the details of this process to adapt it to the peculiar circum- 
stances of particular deposits, it seems to me that it is the key to the 
most common forms of superficial accumulations of nodular phosphates. 
In an admirable description of the phosphate beds in the neighborhood 
of Mons, in Belgium, by Mr. F. L. Cornet,^ that distinguished author 
has independently propounded this simple hypothesis, and several 
other writers on the subject have apprehended the importance of this 
leaching action. 

It is evidently essential to this process of concentration that the sur- 
face of the deposits which are leaching away should have been preserved 
from the action of mechanical erosion, which would have prevented the 
formation of phosphatic concentrates. 

Inquiry into the conditions of the swamp deposits of this country has 
satisfied me that beneath the surface of many of our fresh- water marshes, 
and probably in a lesser degree beneath the marine deposits of the same 
nature, there isa more or less important concentration of lime phosphates 
constantly going on. The effect of this action is seen in the remarkable 
fitness of these freshwater swamp soils for (he production of grain 
crops. For instance, in the case of the. Dismal Swamp district in Vir. 
ginia and Korth Carolina we find that the soils on which the swamp de- 
posit rests are extremely barren, while in the mud that has accumulated 
beneath the swamp we have a rich store of phosphates, potash, and 
soda, which causes the soil of these swamps to be extremely well suited 
to grain tillage as soon as it is drained. In a similar way in the swamps 
of New England and elsewhere we find the bogiron ores which are fre- 
quently accumulated in their bottoms very rich in phosphatic matter. 
The evidence is not yet complete that this phosphatic material becomes 
aggregated into nodules in the swamp muds, but the number of cases 
in which nodules have been found in this position makes it quite likely 
that the nodulation of the material may go on in that position. The 
present condition of the inquiry goes, in a word, to show that wherever 
we have a region long overlaid by swampy matter we may expect a 
certain concentration of lime phosphates in the lower part of the marsh 
deposit. Wherever the swamp area lies upon somewhat phosphatic 
marls which have been slowly washed away by the downward leaching 
of the waters charged with the acids arising from decayed vegetation, 
or where the swamp deposits, even when not resting on such marls, are. 
in a position to receive the waste from beds containing phosphates, we 
may expect to find a considerable concentration of phosphatic matter 
in the swamp bed. By the erosion of these swamps we may have the 
nodules of phosphate concentrated in beds such as occupy the estuaries 
of the rivers near Charleston, S. C. 

The area of swamp lands which fulfill these conditions is very large. 
Tbey exist in numerous areas in more than half the so-called Southern 

<*—— ^— ^W^i^^^^^^ H ill. ■ I ■■,..— I » _ I ■ ■ ■ ■ ^- . ■■■ — I ■--■■■ ■ - ■— ■ ■■ - ■ , II I - I ■ ■ ■ -I I ■ !!■ I . 

* See Quart. Jour. Geol. 8oc. London, vol. 42, 1886, p. 325. 
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States. At present it can only be said that they afford the conditioDS 
which, so far as the theory goes, should lead to the accumulation of 
phosphatic deposits of greater or less importauce. It will be a simple 
matter to explain these deposits, though it is a task requiring a pa- 
tient study of a large field. Although it is likely that the phosphatic 
materials will be found aggregated into nodules at many points in this 
area it will not be safe to assume that they will be found in the same 
form as those which occur about Charleston, S. C. The nodules found 
in the beds about^the last named point, though in my opinion originating 
beneath swampy deposits, have apparently been, in part at least, swept 
from their original beds by the rivers which enter the sea at that point 
and have thus been concentrated in estuarine deposits. 

Although local concentrations of phosphatic nodules other than those 
now known may well be sought for in the Southern States, I do not 
think that the precise conditions or character of the deposits as found 
at Charleston should be expected to repeat themselves elsewhere. It 
is characteristic of the process of concentration of phosphatic, as well 
as of other matter into nodules that the material takes on a great 
variety of aspects, each proper to a particular site, and this although 
the surrounding circumstances of the several localities may apparently 
be identical. 

Kext lower on the geologic section we have, in the Tertiary region of 
the Mauvaises Terres, extensive deposits of vertebrate remains which 
may possibly yield some commercially important supplies of bone phos- 
phates. Although none of the existing sources of supply of these ma- 
terials come from deposits of the nature of those found in Nebraska, 
the conditions of that remarkable region are so peculiar that it will not 
be well to pass it by without inquiry. 

While the American Cretaceous deposits are, as a whole, decidedly 
different from those of the Old World, the Greensand beds of the 
section in the two countries present considerable likeness in their char- 
acters. It is probable that in this country, as in Europe, considerable 
parts of the Cretaceous section are somewhat phosphatic, and that those 
beds containing disseminated phosphatic matter have been in many 
places exposed to the process of leaching in former geologic periods. 
Therefore we may reasonably search in the Cretaceous beds of this 
country for the same class of phosphatic deposits which have proved so 
important in the northern parts of Europe. 

Although some peculiar deposits of phosphate have been found in the 
Devonian rocks of Nassau, it may safely be assumed that below the line 
of the Cretaceous we have no facts to guide us in our search for phos- 
phates until we come to the horizon of the Upper Silurian limestones, at 
about the level of the uppermost beds of the Upper Silurian, as far as 
that level can be determined by the perplexing assemblage of fossils. 
There occurs in Bath County, Ky., a thick bed of much decayed, very 
phosphatic siderite. This deposit covers but a small area and con- 

(488^ 



eiULntJ INTEODUCTION. 15 

sists of a ])atch of limeatone about fifteen feet thick, wbicb baa been 
convert<*d iuto siilerite by tlie iuleiicbiiig of irou-bearing waters from 
tbe ferruginous Ohio (Devouiitu) shaloy which formerly overlaid the 
bed. Since the escarpment of the Ohio shales retreated beyond this 
bed it has been subjected to oxidation aud is now in tbe main c^overted 
into a mnch deeaye<l limonite. Beneath this limonite there is a green- 
ish, argillaceous sand which contains frequent nmlulesofliuie phosphate. 
These nodules are smooth-suifaced aud not unlike some of the nodules 
from the Garoliua district. Tbey contain as mncb as 92 per cent, of lime 
phosphate. It seems likely that these nodules were formed by tbe leach* 
ing out of tbe lime phosphate from the ovetlying .ferruginous layers, 
which has completely removed tbe lime carbonate, but bus not removed 
the whole of the less soluble lime pbosphiite (Fig. 1). 




Although this deposit of nodules is not of sufficient abundance to have 
anyeconomicvalup, it is clear that we have in it an indication of a'method 
where, by a slight variation of the conditions, important beds of nodular 
phosphates might be found. 

Id tbe horizons of the Cambro-Silnrian section, or, as it is generally' 
call^, the Lower Silurian^ there is much greater reason to expect the 
occurrence of workable phosphates than in the beds immediately above. 
It is likely that the most important of the Spanish deposits belong in 
strata of this period, and tbe Welsli deposits of this gen>'ral age are of 
noteworthy extent. We know, moreover, that the commoner marine 
animals of this part of the geological si^ction were particularly adapted 
for the secretion of lime phosphate. 

The sea«h of this portion of tbo section for phosphates should be 
directed to two ends: tirst, to finding beds of very phosphatic limestone; 
and, second, to discovering veins fanned by a segregation of lime phos- 
phates either in tlie form of tbe Spanish de|>osit3 referred to l»y Dr. 
Penrose or in the condition of nodular aci'uinuhitions. The area of rocks 
of these Lower Silurian and Oambrinn peiiuds in this country is very 
extensive, and so far there has been no searcli of them for phosphatic 
materiaJs. Tbe little work done in Kentucky during tbe above^nen- 
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tioned geological survey served only to show that the proi)ortioii of 
lime phosphate in the rocks is extremely variable, and that in certain, 
beds it is so considerable that the material might advantageously be 
used in a local way for fertilizing purposes.^ 

The search for phosphatic materials in the stratified rocks demands 
a method of inquiry that has not yet been applied to the study of oar 
rocks. It seems to me that the method, or rather methods, should be 
as follows: 

First, there should be a careful inquiry to determine the share in 
which the several important groups of rock-making organic forms con- 
tribute phosphatic matter to strata. This can be accomplished by care- 
fully comparing the chemical character of particular strata with the 
fossils the beds contain. When this determination is made we shall 
have one means of guiding our inquiries, which will surely be of great 
value in the search for bedded phosphates. 

Secondly, we should have a carefully executed chemical survey of our 
stratified rocks. Enough can be gathered from the scattered records of 
chemical analysis to make it plain that certain features of the chemical 
character of particular beds or divisions of strata often extend later- 
ally for great distances. This is shown in a general way by the char- 
acter of the soils formed of the waste of particular horizons ; for in- 
stance, the deposits of the horizon on which lies the Cincinnati group 
of this country and the equivalent deposits of Europe are nearly always 
well suited to grasses and grains and have a great endurance to tillage. 
It is now desirable to take these be^s which promise to aftbrd mineral 
manures and subject each stratum to analyses which shall determine the 
quantity of phosphoric matter, soda, and potash which they contain, so 
that their fitness for use as mineral manures may be ascertained. 

Below the level of the Silurian and Cambrian strata, and partly in 
those sections where they have been much.metamorphosed, lies the field 
of the vein phosphates. It is more than likely that in this vast thick- 
ness of rocks with their development in this country there are many 
extensive sources of this class of phosphates which await discovery. 
As yet no careful search has been made for such veins in any part of 
the United States. The regions most likely to contain such deposits 
are found in the central parts of the Appalachian system of mountains, 

' Among the analyses recently made by the chemists of the Kentucky geological 
siirvey is one which indicates the presence of phosphoric acid in consi<iy*able qaan- 
tities in the limestones of Coruiferons age exposed at Stewart's mill, on Lulbegrad 
Creek, in Clark County. This partial analysis, for which I am indebted to Mr. John 
R. Proctor, the present director of the Kentucky survey, is as follows, viz: 

Lime carbonate 21. 3S0 

Magnesia 3.056 

Phosphoric acid 9.710 

Potash • .830 

Soda : 288 

Sj'Jjceous nodulea inaoldble in acids 27.580 
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especially in the section from Virginia sonthward; in the Archaean dis- 
trict of Missouri and Arkansas, aud in the vast region of highly meta- 
morphic rocks of the Cordilleran district, extending from the Rocky 
Monntains to the Pacific Ocean. It is true that at present the economic 
value of phosphatic deposits in the western part of the continent would 
probably be small, on account of the great cost of transportation to the 
seaboard districts; but the growing use of phosphatic manures in the 
Mississippi Valley and the rapid exhaustion of the soils of that dis- 
trict will soon give commercial importance to any sources of snj>ply of 
phosphates that may be found in any parts of the Cordilleras which 
are convenient to transportation. 

A proper study of the mineral manures of this country can best be 
carried on by means of a well considered co operation between geolog- 
ical explorers and the experiment stations of the several States. At 
present the methods of using mineral phosphates are extremely costly : 
not only is the material brought into the soluble condition by satura- 
tion in sulphuric acid, but it is then mingled with ammoniacal and other 
matter to increase its effect as a fertilizer. The result is that, although 
a ton of Carolina phosphate now costs but $G, the average price of the 
manufactured product to the consumer at the phosphate factories is 
about $30 per ton. It is probable that the essential value of the phos- 
phatic ingredients to the plants of most soils is not enhanced by this 
costly treatment, though an incidental but dearly purchased gain, in the 
case of some crops, is obtained from the ammoniacal matter. The only 
effect of the superphosphatizing on^the phosphatic matter is to make it 
more immediately absorbable by the plants. If placed on the soil with- 
out any other preparation than grinding, lime phos])hate will slowly 
pass into a condition in which it may be absorbed by plants, while if 
treated with sulphuric acid it is for a time at least in a soluble state. 
That this treatment is not essential is well shown by the fact that the 
phosphatic matter derived from the rocks is brought into a condition 
for absorption by the ordinary process of decay in soils. Our present 
costly method of applying phosphates has come about through the 
commercial history of artificial manures, which is as follows: 

Before guanos were brought into use the English farmers had learned 
that they could profitably use the phosphatic marls of their Tertiary and 
Cretaceous deposits without any artificial preparation. If guanos had 
not existed it seems likely that mineral phosphates would have always 
been used in this way. When the Peruvian guanos came into use 
they afforded a much more stimulating material than any other pur- 
chasable manures, and in a short time they established the type of com- 
mercial fertilizers. When the sources of supply of these guanos be- 
came in part exhausted, artificial compounds, formed on a basis of rock 
phosx^ates or apatites, were devised to take their place. These were made 
to imitate the effect of the guanos as closely as possible. Like them, they 

Bull. 4G 2 (491) 
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gave a quick though temporary stimulus tothcsoi1,eDab1ingthe farmer 
to obtain the greater part of the retarn for his investment in the season 
following the application of the high priced manure. Very generally 
the fertilizer, guano or compounded material, was applied with the 
seed or dibbled in the soil alongside the young plant, so that it wonid 
be immediately available in the first stages of its growth, and, what is a 
more important consideration, that it might take less of the substance 
to give the eft'ect than if it were sown broadcast over the surface or 
mingled with the soil of the whole field. 

In this way a habit has been established in the art of using phos- 
phates, as well as in the composition of the material, which, like all com- 
mercial habits, is hard to overcome. The question to be determined is 
as to the utility of phosphates with other modes of treatment than those 
which are applied to the imitation guanos. At present this treatment 
requires the commingling of the lime phosphate with a number of costly 
substances. The manufacture can only be advantageously carried on 
at points remote from the districts where the materials are produced 
and remote from the fields where they are used, so that the costs of 
transportation are great. The problems to be solved by the agricultural 
stations are as follows : 

(1) As to the efi'ect, immediate as well as permanent, arising from the 
application of ground phosphatic rock commingled with other materials 
on soils used for the production of different crops. 

(2) As to the degree of comminution of the material which is most 
advantageous. It seems possible that fine pulverizing may take the 
place in a measure of superphosphatizing. 

(3) As to the effect of mingling the powdered rock with ordinary 
barn yard manure, peat, and other similar substances. 

(4) As to the effect of lime phosphate used alone on soils containing 
different mineral constituents, as, for instance, those having considera- 
ble proportions of lime carbonate and those having but little of that 
substance. 

(5) As to the proportion of the lime phosphate which it is necessary 
to apply in order to produce different degrees of effect upon the fertility 
of soils. 

It is desirable that these and other experiments should be tried at a 
number of stations in different parts of the country, in order that the 
needs of various crops may be considered and the effect of the fertiliz- 
ers on different classes of soils ascertained. 

The effect of a small amount of lime phosphate on the fertility of the 
soil is clearly great, but so far we do not know with accuracy the 
amount necessary to produce a given effect. The range in phosphoric 
acid contents in the soils of Kentucky, as determined from many hundred 
analyses, varies from 0.540 to O.OGl.^ In most cases the fitness, of the 

* See report of Pr. Robert Peter in Repts. Geol. Survey Kentucky, new series, voL 
5, 1878, N. 8, Shaler, Director: 
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soil for grain tillage-is measnrably proportionate to the phosphatic con- 
tents. It seems almost certain, though not yet demonstrated, that the 
greater part of the phosi^hatic matter in the soil is in the state known 
as insoluble^ and that it only becomes in small part, year by year, soluble, 
or, in other words, fitted for assimilation by plants. Whenever the soil 
contains the quantity of lime which characterizes the better class of 
Kentucky soils it is supposed that even if soluble phosphatic manures 
are applied the super[>hosphate becomes again insoluble by taking 
np a molecule of lime. It is therefore an interesting question as to the 
means by which the lime phosphate enters the plants. It may be that 
the solution is effected through the action of the various humic acids 
of the soil or it may arise from some specific change which takes place 
at the contact of the soil with the roots. It is evident that this point 
requires precise determination, for on it will depend further experi- 
ments as to the methods of applying phosphatic manures. 

There is yet another point on which we need experiments. Manj^ of 
our rock phosphates, especially those which are distinctly bedded, con- 
tain low percentages of phosphatic matter. Many of our lime phos- 
phates contain crystals of apatite and calcite so intermingled that it is 
not possible to separate them ; yet from these deposits it will be easy 
to produce a mixture of lime carbonate and lime phosphate containing 
from 10 to 20 per cent, of phosphoric acid. The value of such material 
for manure has never been determined. If it can be used in a way which 
will give to the fields the full value for both the lime and the phosphorus 
it will open a way for an extensive production of cheap fertilizers. 
, The foregoing considerations give the general results of the prelimi- 
nary inquiry into phosphatic manures of which Dr. Penrose's work forms 
a part. Before we go further into these studies I much desire to have 
the criticism and advice of others who have considered this subject. It 
is with this view that I have ventured to give in the foregoing pages an 
account of the aim of the inquiries I have in hand. The questions are 
at once chemical and geological, and demand much cooperation for their 
solution. Much of the work of searching for the unknown x)hosphatic 
deposits of this country will necessarily have to be undertaken by local 
students of geology or by commercial explorers in search of such de- 
posits. Unfortunately, the unfamiliar aspect of the various forms of 
phosphatic deposits will make this task under any circumstances diffi- 
cult. There is no substance of equally wide diffusion among those of 
considerable commercial importance which, in the present state of pop- 
ular knowledge, so readily escapes detection as lime phosphate. It may 
be hoped that the following memoir may make it easier for explorers to 
recognize this class of deposits. 

My own as well as Dr. Penrose's acknowledgments are due to many 
personsr who have given him aid in the xirosecution of his work. To 
Prof. Charles U. Shepard, jr., of Charleston, S. C, Dr. Penrose is par- 
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ticularly indebted for much information and access to a great deal of 
valuable matter contained in his unpublished notes on American and 
foreign phospbatic deposits. 

Injustice to Harvard University it should be said that the following 
report, although designed as a memoir of the U. S. Geological Survey, 
"^SLS used in manuscript form by Dr. Penrose as his thesis for the de- 
gree of doctor of philosophy in that institution. 
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By R. A. F. Penrose, Je. 



IMPORTANCE OF PHOSPHATE OF LIME IN NATURE. 

Phosphoras is one of the most universally distributed of all the ele- 
ments. It is found in all animal and vegetable matter, as well as in 
most eruptive and sedimentary rocks. Phosphoric acid composes over 
40 per cent, of the ashes of bones and in the vegetable kingdom it is 
especially abundant in the seeds of plants. Thus the a^h of wheat con- 
tains over 49 per cent, of phosphoric acid. 

It has been estimated that for each cow kept on a pasture through 
the summer there are carried off, in veal, butter and cheese, not less 
than fifty t>ounds of phosphate of lime. Consequently it will be seen 
that phosphoric acid is one of the most important elements of plant 
food, and no soil can be productive which is destitute of it. The neces- 
sity of restoring phosphoric acid to an exhausted soil has been ac- 
knowledged from very ancient times, though the cause of its stimulat- 
ing effect was unknown until a comparatively late date. In the days of 
the Eomans the excrements of birds, from pigeon-houses and bird-cages, 
brought a high price, and Edrisi relates that the Arabians, as early as 
1154 A. D., used the guano deposits found along their coast for agri- 
cultural purposes. Garcilaso de la Vega (Coraentarios Eeales, lib. V, 
1604) says that the Peruvians, in the twelfth century, used the guano 
beds on their islands as fertilizers. Of such importance did they esteem 
the material of these beds that the penalty of death was imposed by the 
early Incas on any one found killing the birds that made these precious 
deposits. It was not, however, until the early part of this century, when 
Liebig and others showed the important part played by phosphoric acid 
in vegetable life, that artificial phosphatic manures came into use, and 
it is only in the last twenty years that the mining of natural phosphates 
with their conversion into superphosphates has assumed its present 
great and steadily increasing importance. 

CLASSIFICATION OF DEPOSITS OF PHOSPHATE OF LIME. 

The classification of deposits of phosphate of lime is a matter attended 
with many difficulties, not only on account of the great variety of forms 
in which phosphate of lime occurs, but also because many varieties grad- 
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ually blend into one another, thus often rendering it uncertain to which 
cUiss a special deposit should be referred. The classification given be- 
low is based mainly on the chemical composition of the deposits. These 
are grouped under two principal headings, namely, mmerai phosphates 
and rock phosphates} The former includes all deposits of phosphate 
of lime which, besides having the other properties inherent in a true 
mineral, have a definite chemical composition or at least show a strong 
tendency toward such properties and composition. The latter includes 
thosedeposits which, having no definite chemical composition and lack- 
ing the homogeneous nature and other fixed characteristics of a true 
mineral, cannot be classed with mineral phosphates. These two classes 
are again subdivided as follows : 

^ Anatites. \ Flnor-apatites. 
Mineral phosphates. / ** "^ \ Chlor-apatites. 

( Phosphorites. 
f ( Loose nodal es. 

Amorphous nod alar phosphates. < Cemented nodales or conglom- 

( erates. 
Rock phosphates, i Phosphatic limestone beds. 

Gaanos. \ Sohible gaanos. 
\ Leached guanos. 
^Boue bed>i. 

The various phosphate deposits of North and South America, Europe, 
Africa, and other localities will be treated under the different divisions 
of the above classification, each deposit being described under the head- 
ing to which it belongs. Mineral phosphates will be taken up first, and 
then the various representatives of rock i)ho8phates will be described. 
Special attention will be given to the phosphate deposits of the United 
States and Canada, which were visited and studied by the writer. 



MINERAL PHOSPHATES. 
APATITES. 

Apatite is found in both stratified and crystalline rocks, but is mnch 
more plentiful in the latter, especially in metamorphic limestone, syen- 
ite, garnetiferous, horublendic, and pyroxenic, gneiss, mica-schist, and 
igneous and volcanic rocks. 

The mineral occurs in both the massive and the crystalline form. It 
belongs to the hexagonal system of crystallization, has a vitreous or 
subresinous luster, is translucent and sometimes transparent, has a 
hardness of 5, a specific gravity of 3.17 to 3.25, is brittle, of a white, yel- 
low, green, or red color, gives off phosphorescent light when heated, 

' It will be seen that the determination which phosphate shall be classed ander 
minerals and which under rocks must in- certain cases be somewhat arbitrary, bat 
the classification is intended simply as a matter of convenience in describing the 
varioas deposits, and as such answers its purpose sufficiently well. 
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and becomes electric by application of heat or friction. It oc<!urs prin- 
cipally in the e^irly crystalline rocks ami is found in New York, New 
Jersey, Maine, Canada, and other places in North Anipriea. In Europe 
it is found in England, France, Saxon^', Tyrol, Bolieinia, Spain, Nor- 
way, and many other regions. The only deposits of economic impor- 
tance as yet discovered are in Canada, Norway, and S|)ain. 

Prof. J. D. Dana gives as a formula of apatite Ca308r2+i(Cl2F2), in 
which the fluorine and the chlorine may replace each other in any pro- 
portion. When there is more fluorine than chlorine present the min- 
eral is called fluorapatite, and when less it is called chlor-ai)atite.^ The 
apatites of Canada and of Spain, as well as most of those from Norway, 
are essentially fluor-apatites, though they almost always contain O.Ol 
to 0.5 of chlorine. Occasionally apatites are found free from chlorine, 
as some of those of Nassau and the Tyrol, but they are never found en- 
tirely free from fluorine. The apatite of Snarum, Norway, contains 
more chlorine than any other known apatite, amounting, as it does, to 
2.71 per cent, of that element.^ The apatite deposits of Canada, being 
at i^resent more extensively worked than any others and consequently 
better known, will be described first ; after them the apatites of Norway 
and Spain. 

APATITES OF CANADA. 

Phosphates were discovered in considerable quantities in Canada be- 
fore the middle of this century, and were described by Dr. T. Sterry 
Hunt in the Canadian Geological Survey Eeports for 1848. Shortly 
afterwards they were mined in the counties of Lanark and Leeds, On- 
tario. But the first regular mining operations of any considrable im- 
portance were begun in 1871, in the townships of Buckingham and 
Portland, Ottawa County, Quebec, where apatite had been discovered 
several years later than in Ontario. The first company to operate on 
a large scale here was known as the Buckingham Mining Company. It 
worked successfully until 1875, when a sudden fall in the prices of the 
phosphate market led to a stoppage. For several years after this the 
mines were worked by private parties, until, in the years 1881 to 1883, 
the large mining companies which now control the richest properties 

• 

in Canada were organized. Many.of the phosphate properties in On- 
tario have been worked by the so-called ''contract system." Under 
this system the farmers of the neighborhood, whenever they are with- 
out employment, blast out a little phosphate. The result of such a 
method is, of course, that the whole of a property is soon cut up with 
small pits and trenches, rarely exceeding twenty feet in depth, and often 
interfering considerably with later and larger mining operations. 

There are two principal districts in Canada where apatite occurs in 
considerable quantities. The first is in Ottawa County, Province of Que- 



* J. D. Dana: Manual of Mineralogy and Litboloi^y, '8:^5, p. '2V.i. 
'O. Ramoa T. Miinos de Luna: Estudios qnituicos sobre ecuuomia agricola en 
general, y partlculaimente sobre la importaacia de loa aboxio^ io^^l'^kX^As)^. 
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beo. It consists of a belt riiuninK from near tlie Ottawa Eiver, on the 
sonth, for over sixty miles in a northerly direction, throngh Bucklng- 
hHm, Portland, Templetoii, Wakefield, Denliolm, Bowman, Hincks, and 
other townships. Thet belt probably stretches ^till farther to the north, 
but the country in that direction has been but little explored, and is 
scarcely known, except to trappers and Indians, The belt averages io 
width from fifteen to tweuty-ll\'e miles. 




i. ApntlCs in the Bonanza ptt, Uuion mlan. PnrtlBncl, OCtana Connty. QD«b«. Cankda. A, aiMt- 
IJtsiB,miiw;C, white feldapar^D, pinlc and wiiiu feldspar, mioa, ajid pyroxene. So^illiioh = 
lefwC 

The second phosphate district is in Ontario, principally in the counties 
of Leeds, Lanark, Prontenao, Addington, and Renfrew. This district 
is much larger than that of Quebec. Bitt the apatite is. much more 
scattered, and, though fipeeiiil deposits are in some places much more 
continnons than those of Quebec, the mineral has not jet been discov- 
ered ill such large pockets a.s occur in the latter district. The belt 
which contains tlie deposits runs from about fifteen miles north of tfae 
St. Lawrence River in a northerly direction to the Ottawa Kiver, a dis- 
tance of about one hundred miles, ft varies from fifty to seventy-five 
miles in breadth. 

The above-mentioned districts are the regions where apatite baa been 
found most plentifully, but it also occurs in other places, though, so 
far as has been discovered, in much smaller quantities.' 

The apatite occnrs in the upper part of the Lower Laurentian forma- 
tion, the horizon being characterized by large quantities of pyroxene 
rock. The principal phosphate-bearing band consists of quartzites, 
gneisses, schists, feldspar, and pyroxenic and calcareous rocks, having 
an aggregate thickness, according; to Ven nor, of twenty-six hundred to 

' I.at«lj it has been found that aputite ia very aooei-ally diatributod in Pontiao 
Couatj, Qaebec. 
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thirty-nine liandred feet. All tbe beds are more or less completely 
metatnorphosed, being sometimes indistinctly stratified and at oilier 
times massive and trith uo traces of bedding. Tiie rocks, often con- 
torted, all dip at a vertical or almost vertical angle. Sometimes the 
gneiss contains large quantities of mica and Las a distinctly foli- 
ated stntctnre. At other times it is impregnate with large quanti- 
ties of pyroxene, as in tbe Quebec district. In tbe Ontario district 
this pyroxene is often replaced by hornblende of a dark-green, lus- 
trons character. A highly garnetiferous gneiss is also often found 
in large quantities in some of tbe apatite lociilities. In the Que- 
bec district there is a series of trap dikes miining in a general east 
and west direction. By some tliey are supposed to be connected with 
the occurreuce of the apatite. But the trap is, probably, of a later date 
than tbe apatite, as it is sometimes foand passing through pockets of 
that mineral (Fig. 4). 




The principal diflference between the country rock of tbe Quebec dis- 
trict and that of the Ontario district is that the rocks in the latter re- 
gion are often muc b more horublendic than those in the former, and 
are often found in the form of a more or less hornblondic gneiss. The 
country in the Quebec apatite district is rough and mountainous. The 
bills are of a remarkably uniform height, rarely rising over five 
hundred to six hundred feet above the level of the neighboring Du 
Lifevre Biver, In Ontario, on the other hand, the land in Leeds, 
Ijanark, Trontenac, and Addington Couutiea iu low, and sometimes 
shows a smooth, glaciated surface, covered by a thin layer of soil. 
Iq Renfrew Oounty, however, the land is more hilly, and resembles 
tbat of the Ottawa district. As before remarked, the apatite occurs, 
almost without exception, in association with pyroxenic or hornbleu- 
dic rocks. This rule holds especially true in the Q,u.ftbett 4^9S.YlR^., 
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where tlie phospbate has nc^ver yet been found witbout being asso- 
ciated with pyroxene rock, possibly often of vein origiu. This, called 
pyroxeuite by Prof. T. Sterry Hunt, occurs in ridges, rmiuiug ia a gen- 
eral uortbeust and southwest direction, following the general course of 




i, Portland Weat, Otti™ 



nnly, Qiirbcc, Cansd*. A, »p»tlto; B, tnp; 



the strike of the country gneisses. It forms, together with lilac-colored 
orthoclase, qmirlzite, and trap, the mutis of many of the hills iu the 
phosphate district, while the stratified and massive gneisses are often 
seen bordering the sides of the ridges, as shown ia Fig. 5, 




The pyroxene rock is nei er fonnd distinctly bedded, thougli occasion- 
ally a series of parallel lines can be traced through it, which, while poa- 
sjblj the remains ofstratifleation, are probably often joint planes. Some- 
tiiaes, when £iie pjroseiiite has been weaVbere*!, apparent signs of bed- 
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ding are brought out, which are ofton parallel to the bedding of the 
couutry rock. Thus at Bob's L;ike mhie, in Fronteuae County, a rieli- 
green pjroxenite occurs which exhibits this structure. For lU feet 
don-u from the surface this api)areut,bedding can be distinguished, it 
gradually grows faiuter, uutil it disappears in the massive pyroxenite 
below^. A similar pheaomeoou has been observed at the Emerald mine, 
BuitkiDgham Township, Ottawa Couuty, Quebec, aud at several other 
places (Fig. G). It can also be seen in the crystalline rocks on Newxiort 
Island, opposite Tiverton, K. I. There, for a depth of from one to two 
feet, an apparent stratification can be seen, and the rock below gradually 
becomes more massive, until it merges into the apparently homogeneous 
mass of the hill. 




Fia.S. SmUod 



The pyroxene occurs in several different forms. Sometimes it is 
massive, of a light or dark green color, and opaque or translucent ; at 
other times it is granular and easily crumbled. Occasionally it occnrs 
io a distinctly crystalline form, the crystals being in color of different 
shades of a dull green, generally opaque or translucent, but sometimes, 
though rarely, almost transparent. Tlie massive variety is the most 
common, and comi>ose3 the greater part of the pyroxenites found in the 
phosphate districts. 

The associated feldspar is generally a crystalline orthochise, vary- 
ing in color from white to pink and lilac ; occasionally, as iu Uenholm 
and Bowman Townships, Ottawa County, Quebec, it occnrs as a wUic- 
ish-brown, finely crystalline rock. The trap is of the dark, almost 
black, variety. Thin sections under a raicrosuopft aka-fl i^XaXtaN^ 'i.^^ca 
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variable composition— a ufit-work of striated blades of triolinic fold- 
»I>ar,browni8li augite, black opaque graiusof maguetite,aDd, eommouly, 
small quantities of a green, cliloritic miberal.' The quartzito is white, 
gray, or blue. The blue variety often contains specks of feUite. 
These pyroxenes, tVldspars, and qaartzites are often mixed np in a per- 
fect net-work, very similar to tbat seen at Marblebead, Mass., and at 
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many places in the nietamorpbic rocks of Mount Ucsert Island. Often 
wbolo hills are formed of these rocks, mixed in various proportions 
(Figs. 8 and 9). The gneiss iu some places has no disiinct line of sepa- 
ration from the pyrosene, but seems to have been impregnated with 
some of it, formiug for a few feet from the line of contact a more or less 
pyroxenic gneiss, wliich is easily decayed and eroded by weathering 
(see Fie, 3). 





Fid. S. HoiiEontal vww of aitrfuoB niek at Turner's Island, Cluar Labe, Canada. A, foldspari 
B, pynixcniloi C, harnbli^udei D. feldspar djkes ; G. auil. Scaler I iDcb = S feet. 

In the Ontario district, as mentioned before, the pyroxene is often re- 
placed by hornblende. Thus at Bell's mine, in Froiitenae County, little 
or no pyroxene is met with, ami iu its pliico largo quantities of dark 
green hornblende occur. Tlie apati tu here is fmind in a r o ck consisting 
I H, J. 7f.imnj{l(>ii : (Ji;<il. Survey CanaAa, Kept. 'PtostRws., W1-'T8. 
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of greeu borablende aud white ft^ldsiiar, wbiclt forms a ridge about one 
huodred yards wide pamllul to tUe strike of tbe coiiutry gneiss. To 
complete the list of rocica fuuud in the apatite districts it is necessary 
to mention tbe large reius of crysbilliue caleite, which often contain 
serpeatine and chrysotile. In the occurrence of these veins this Cana- 
dian apatite region is in mnrlied contrast with that of Norway, where 
little calcareoDS matter is found. 




FtO. 9. Py^ene imfM)*, Star Hill, ITdIi 
A, aiwlitc; B. iijTOie 

The apatite of Canada is found ocisuiring in a grciit variety of ways. 
Prof. T. Sterry Hunt regards most of tbe workable deposits as veins, 
bat be thinks there are also some dei>osit^ wliieb occur in beds. lie has 
discovered small masses of apatite marking the lines of stratificatioo in 




no. 1(0. OpeniDK in weat side of a hill Doar Smith's nilne, Oho, FtduIodac Counly. OnUrio, Cuuda. 
i A, CDuotry >] eaitGi B, apslite. Scale: 1 inch - 2J feet. 

the /pyroxene.^ An iiistauce of this was seen by tbe writer in an old pit 
in lluckitigbam Township, Ottawa County, Qucliec, where the apparent 
line)n of stratification were marked by banda of apatite (see Fig. 6). 
I 'G«ol. Survey Ciiuadn. Ri-pl. rvogTeastiiVS^. 
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Professor Hunt tbiuks that most of the deiioisits of apatite are concre- 
tionary vein stones and liavo resulted from a hot-wjiter solution. H» 
bases bis belief upou several characteristic facts concerning Canada 
apatite, such as the rounded form of idhuj ot the npatite crystals, which 




he regards as due to the action of partial solution after deiMtsition, and 
not of fusion, as suggested by Dr. Emmons.' Another argument is that 
one mineral in the vein is often found inciusting or containing i'rag- 




Coaoty. OnCariu, Cjnnila. A. ai>&tite; B, py 

ments of another. Thus it is vcryconimou toflnd masses of crystalline 
calcito rounded into pebbles and buried in tlie center.s of apatite c:fy8- 
tals, which are themselves worn and rouudo;l, showing, aa Dr. Hjnnt 

' Nat. Hist. New Yoili, iit. 4. Geology, l-fj:), iiji. &7, 58. Souiu of tliBdiko Htoues of . 
cm MaasacbiiBetiB, ospocially tLusu iu tliii to^a of Somerville, cootaiu pboa)) 
orjratah which are ainiUttrly rounded.— N. S. 8- 
(504) 
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tbtnka, tbat tbe erosive aittion in tlie veiiiR liiis fiikcn place in at least 
two diflerent epochs. Tbe a])|i('itniri(!e i'l tlm veins of dnisy cavitifs 
anil tbe parallel depositiim of the difleivnt tnineials observed in many 
veins are altio arguments fur tbe tlieory of concretionary Rtnietnro. 
Professor Dawson thtuks tliut many of tbe deposits of tbe Ontario dis- 
trict are true beds.' 




Prof. B. J Harrington* tbiuks that most ot the phosphate deposits 
will come under tbe beading of fassure Aeins and pockets. He shows 
that many of tbe deposit'^ ctnnot be beds because ihty cut across tbe 
strata of tbe country rock 

Many of the \euis are of considerable length A \ery continuous 
vein, composed of hornblende, calcite, and apatite, mixed in varying 
proportions and associated with spheue, zircon, mica, scapolite, etc., 
is fonnd in Renfrew County, Ontario. Tliis vein, or what may be a 
series of similar and parallel veins, was traced by the writer for a dis- 
tance of three miW, and it is said by the native prospectors to be trace- 
able for 27 miles. It rnns in a N. 40° E. direction, widening and contraet- 
ing at intervals and varying from three to thirty feet in thickness. It 
can beat be examined on Turner's Island, in Clear Lake, Renfrew County, 
Ontario, where several small openings have been made in it for the pur- 
pose of mining tbe rich apatite found there.^ The island ia three-quar- 
ters of a mile long and from one hundred feet to a quarter of a mile 
wide. The vein nina through its longer axis from one end to the other. 
The apatite occurs in crystals, sometimes in considerable quantities 
and composing the greater part of the vein matter and at other times 



■ Qnart. Joar. Geol. Roi 
'Geol. Sarvey Caaadu, 
'The same or a siiuIU 
Flaunt, on the south Aide of Cli 



laiuthewuuegODeraldiFcctiuua:) the Tncucr'a laUud ^r 
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scattered sparingly througli a mass of the crystalline minerals TrLich 
accompany it. Apatite crystals of immense size hare been fonnd lieie. 
One prism is said to Iiave weighed seven hundred pounds ; a crystal of 
zircOD, almost a foot in diameter, is also said to Lave been found iii the 
same vein. A crystal of sphene from this locality in the Harvard Min- 
eral Cabinet measures over a foot in length. The country rock on the 
island consistsof a confused mass of feldspar, coarsegrained, uostratiAed 
gneiss, and of a rock composed of feldspar and hornblende. Small quan- 
tities of green pyroxene are also foand (see Fig. 8). The vein is said to 
• change into pure cnlcite at its extremities. It shows no signs, as far as 
seeu, of banded or concretionary strnctnre, bat consists of a mass of 
crystallized minerals mixed in au apparently indiscriminate manner. 




Like most apatite deposits in (Janada, the vein has no sharp line of di- 
vision from the country rock, but gradually blends into it. The horn- 
blende in the country rock becomes more perfectly crystalline and oc- 
curs in larger masses as the vein is approached, until finally, when 
the vein is met, the hornblende and the feldspar crystallize out sepa- 
rately among the other minerals, "Such a blending of a vein with 
the walls," says Professor Dana, " is a natural result when its formation 
in a fissure takes place atahigh temperature during the metamorphism 
orcrystallizatiouof tbecontainingrock."' This blending of the country 
rock with the vein matter does not, however, always happen, as 8ev- 
.' Dana's Mauual of Geology, 1875, p. 733. 
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eral cases were found where the apatite and aasooiated minerals came 
into direct and sliarp contact witli tlie country rock (see Figs. 7 and 20), 
Thns, CD tbe land of the Sly brothers, in Oso, Frontenac County, Ontario, 
there is a vein two feet wide in a gneissic rock. The lionndary lines of 
the vein are sharply defined and white, red, and transparent calcite is 
associated with grass-green hornblende and brown apatite, in a mass 
apparently devoid of any banded structure (see Fig. 7). Tbe vein dips 
at an angle of 85° u. and strikes E, and W. The country rock strikes N. 
20<^ E. and dips 40° to 45° ESE. A somewhat similar instance is seen 
jn the same township at Boyd Smith's mine. Here were three veins 
apparently occupyingjoint plancp, and parallel to one another (see Fig. 
10). The veins are composed principally of apatite and hornblende, 
and their general character is very similar to that of the last vein de- 
scribed. They strike N. 15° W. and dip at 10° NE. Tbe strike of the 
country gneiss is tf. 35° E., dip 60° SE., so that it is evident that 
tbe deposits cannot be beds. They can be traced for 50 yards along 
the side of the bill. 




Borne of the veins of apatite show a distinctly banded structure. 
On the land of James Foxton, in Frontenac County, township of Lougb- 
boro', there is a series of gash-veins running in a general northwest and 
Bontheast direction. They are of all sizes, from small ones not two inches 
thick to large ones three to six feet wide. The general character of all of 
them is the same. They occur in the country gneiss and occu^ij aa ^ 
BnU. 46- — 3 (507) 
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moat vertical poBition. Fig. 12 shows a section of one of them, and moat 
of Uie others are like it. It will be seea that the pyroxeoe liuea both 
sides of the vein and the apatite comes In the middle. The strike aod 
the width of nine of these veins were found to be : 

N. 11° W., Biz iuches wide. Red apatite. 

N. 10" W., eighteen inohea wide. Red apatite. 

N, S^ W., one to three feet wide. Red apatite. 

N. 20° W., one foot wide, Red apatite. 

N. 8=' W,, one foot wide. Red apatite. 

N. 35'' W., Bii inches to one foot wide. Red apatite. 

N. 36'= W., one foot wide. Had apatite. 

K. 45° W.,one foot wide. Ked apatite. 

N, 30° W,,one foot wide. Red apatite. 
The eoontry gneiss ia much contorted and strikes in varions direc- 
tions. It has an almost vertical dip. On the same properties there are 
also other veins rnnning in various directions, bat they are generally of 
small extent. In one place a vein was seen composed on one side of 
a band of apatite and on the other of a band of pyrites of iron contain- 
ing masses of talc. 




Another instance of a banded vein occurs at Mad Lake, Templeton 
Township, Ottawa Comity, Quebec, where apatite, mica, and pyroxene 
form the contents of the vein.' Bat it is generally in the Ontario dis- 
trict that the banded structure is most often seen. 

In the township of North Burgess, Lanark County, Ontario, are many 
osamples of phosphate-bearing veins, some of which can be traced for 



'B. J HajTJDftou: Geol. Survey Canada, Rept. Progreesfor ISTT-TS-Tg. 
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07er balf a mile, wbile others are short and amount to little more than 
pockets. In places the ^roiiud is literally cat up by a net- work of these 
veins, Varying from a few inclies to over ten feet wide, OccaBionally thej" 




. fcldapa 



Eut, OCtKwBConnty Qneboo, Cuudft. 



are found widening iuto bunches almost twenty feet aeroBs. The veins 
often show a banded structure and consist of mica and pyroxcnite on 
tbe outside and apatite in the center. The outside bauds of the veins 
are in some cases composed of a dark, almost black, talcose material. 







In other places the contents of tho vein con.sint ot* apatito, mica, pyrox- 

eaite, and white and flesh or salmon colored caVcvto, ™ftl\?«.TOsi"vvia.V'Soj 
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mixed and associated with email qnantities of scapolito, zircon, sptaene, 
talc, lionibleDdc, specniar iron ore, zeolites, and other minerals. Veins 
niso occar which are almost entirely composed of apatite crystals scat- 
tered ia a matrix of granular quartzite. 

On the land of the Anglo-Canadian Phosphate Company, at Otty Lake, 
North Burgess, where some of these veins have been opened to a depth of 
seventy to eighty feet, the mode of occnrrenoe of the apatite is veil seen. 
The prevailing country rock here is quartzite and gametiferous gneiss, 
lu some cases the line of division between the vein matter and the conu- 
try rock is sharply drawn, while in others they gradually blend. Both 
of these phenomena, as well as the banded and the unhanded strnctnre, 
are often seen in different parts of the same vein.' The apatite oconrs in 
bunches, sometimes connected by seams of the same mineral. From a 
siugle one of these bunches over a thonsand tons have been taken. 




Fto. IB. Sestion at 31cK t'ozle's opeaing, lookin); ESE., BmkiuaD, OtWra ConutT, Qnabso, Caaadi. 
A,»pBtite,wltli pyioiuuocrj^Btaki B, pjrouvBi C. Ummoufl. Sralat 1 liu^ = S«&et. 

The contents of the phosphate- bearing veins are often very variable 
at different points in the same vein, sometimes consisting mostly of apa- 
tite, scapolite, feldspar, and pyroxene, and at others being composed of 
crystalline limestone bearing crystals of the above minerals. Such a 
formation is seen on Henry Barr's land, in Eenfrew County. At the 
McKenzie mine, in Bowman Township, Ottawa County, Quebec, there 
is a ^-ciii in a hill of lilac-colored feldspar and pyroxenite. One partof 
the vein is composed of massive apatite, holding crystals of pyroxene 
and scapolite, while another about fifty feet distant assumes a totally 
different character, being composed of a pink, crystalline calcite, bearing 
crystals of apatite. In some places the calcite has been worn away by 
the infiltration of water, and then the structure of the vein can be seen. 
The cavity is lined with crystals of scapolite and pyroxene, which come 
next to the country rock, while the calcite, bearing the crystals of apa- 
tite, comes in the middle (Fig. 10). This formation of drnsy cavities in 
limestone leads is very common, especially in the Ontario district. Often 
t lie calcareous matter has been washed away, and crystals of apatite 
a/id tbeir fragments are scattered over the bottom of the hollow, The 
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formation of cavities seems especially apt to take phw^o at the poiut of 
junction of the limestone and a harder mineral in the vein. Thus in the 
township of Loughboro', Frontenac County, Ontario, was seen the cavity 
represented in Fig. 13, where a mass of limestone in a vein came in con- 
tact with a mass of apatite-bearing pyroxenite. From this opening sev- 
eral hundred pounds of loose apatite crystals were taken. Though it 
will thus be seen that the apatite of Canada often occurs in well deiined 
veins, yet the largest deposits yet discovered occur in irregular masses in 
the pyroxenic and feldsparthic rocks (see Figs. 2, 14, 15, 16, 17, 18, and 
21). They seem to occur at some places in fissures and at others as simple 
segregations. As a general rule it may be said that the vein character 
is best developed in the Ontario district, while the segregation and 
pocket formations are more common in the Quebec district. A very 
characteristic section, showing the occurrence of pockets of apatite is 
given in Fig. 18. It is a figure from the side of McLaurin's mine in 
Templeton, Ottawa County, Quebec. The mineral seems to lie in no 
definite vein, but to have been formed by the segregation of apatite 
from the including rocks. This seems especially probable, as the sur- 
rounding pyroxene often contains 10 to 15 per cent, of apatite and 
seems to increase in richness as the pocket is approached. It is also well 
known that phosphate of lime has, more than any other mineral, the 
property of forming into concretionary and segregated masses. Thus 
Professor Rogers found, in the materials dredged in the Challenger ex- 
pedition, numerous phosphatic concretions scattered over many parts 
of the sea bottoms. Again, in the phosphorite deposits of southwestern 
France and of Estremadura, in Spain, the concretionary form is one of 
the most common conditions of the phosphate, while in the phosphate 
region of South Carolina the nodular phosphates, especially those from 
Bull River, show sometimes a distinctly concretionary structure. At 
Crown Point, K Y., phosphate of lime occurs in radiating and botry- 
oidal masses forming the eupyrchroite of Emmons, and even in the 
guano beds of Peru concretionary nodules of phosphate of lime have 
been found. * 

The pockets and fissures of apatite are of variable size (see Figs. 2, 
14, 15, 16, 17, 18, and 21), sometimes being only a fraction of an inch in 
diameter and sometimes consisting of immense bodies of massive or 
crystalline apatite, measuring many feet in thickness. Such pockets 
are to be seen at the Emerald, Battle Lake, ]N^orth Star, High Rock, 
Union, and other mines on the Bu Li^vre River. The apatite is, gen- 
erally, not sharply divided from the pyroxenite, but gradually blends 
with it. The pockets show sometimes a banded structure, such as that 
of a cavity lined with pj roxene and the central part occupied by apatite. 
Occasional large bowlders of country rock are found embedded in the 

* In the introduction to this report yet other instances of concretionary forms are 
noted, as well as the fact that many are probably at present forming in the muds be- 
neath certain swamps. — N. S. S. 
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apatite (sec Fig. 12). Nearly all tbew i»i»-kcts and Assure veins seem to 
lake tbeir distinctive characters trom tlie including rocku. Thns wUere 
the incIudiuK rock is pyroxenic, feldspathic, and calcareous, the crystals 
associated with the apatite are generally pyroxene, feldspar, and catcite; 
and where the country rock contains large amounts of hornblende, as 
at Bell's miae, Storrington, Frontenao Connty, at Barr's mine, and on 
Tamer's Island in Clear Lake, in lieafrew County, Ontario, there are 
always foand large quantities of this mineral in the vein matter. The 
few veins, however, in which the lines of separation from the country 
rock are sharply drawn, do not seem to be so dependent on the inclad- 
ing rocks for their component minerals. 




Fio. 20. SectloD la a pit near tbo Emenlii m ne B ck ngham Ottawa Countj Quebec, CaJikdB. 
A, upstito B, ad 6 ate pjniieu ( d ft Stale 1 u h 6 feel 

The depth to which the apatite extends 11 probably, for all practical 
purposes, unlimited. Some bun<.hes of themmeialrun out, bnt others 
are foand at a greater or less distance below. The deepest openings iu 
Canada are the Horth Star mine, township of Portland, county of Ot- 
tawa, Quebec, andthe Battle Lake mine, township of Templetou, of the 
same county. In September, 18S6, they had reached the depths, re- 
spectively, of 350 feet and 210 feet. In both shafts large bunches of 
apatite were found, separated by pyroxenic or micaceous rocks coat^in- 
log smaller seams and bunches of that miueral. 

The apatite of Canada varies considerably iu its physical charactet. 
Its color is green, red, brown, white, blue, purple, or black. The black 
color is generally caused by the decomposition of the associated iron 
pyrites and is seen in Ottawa and Froutenac Counties. Apatite oconrs 
in the crystalliue, snbcrystalline, massive, or granular form. The gran- 
ular variety, known as "sugar ajtatite," is of a white or pale-grtien 
color and looks like coarse sand, more or less coherent. It occurs priu- 
cipally at the Little Bapids mine, township of Portland, and MoLaarin^ 
mines, township of Teaipleton, Ottawa County, Quebec, and is one of 
the purest forms of apatite mined. It is uncertain what could have 
(.-,12) 
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caused the apatitir to iisaiiri)6 this ^raimlar eonilitiou. Some sliipmentH 
from OttAwa County liave analyzed 8S per cent, of tribasic phosphate 
of lime. The apatite varies very much in its ability to withstand weath- 
ering. When it is tVee from 



pyrites it endures it very 
well aod is almost as resist- 
ant to corrosion as quarts; t 
bnt when pjTite is present =■ 
it quickly crumbles away. s 
In some places where py- E, 
ritesof iron and copper are = 
foand the apatite ia brown a 
and rusty for a depth of -^ j 
several feet. I T 
Below is given a list of I " 
some of the more iuiiK>rtant e "! 
minerals of the Canada ap- 
atite districts. Tlie crys- :. 
talsoftenoccurofimmcnse ,' - 
size and in a state of great i \ 
perfection. The zircons, ^ -. 
spbenes, scapolites, pyrox- | - 
enes, apatites, and micas | ' 
are especially fine, and » . 
probably are found no- ^ ^ 
where else in such quanti- | ^ 
ties and in such perfection: ^ » 
Ap&tite. Opal. | | 
Calcite. Chalcedony. - ,j 
flnor-epar. • Alhite. T ". 
Scapolite. ^ ^ 
WilsoDite. " % 
Talc (Bteatite). ^ a 

Prelinite. f 

Cbabasite. ^ 

Galena. "^ 

Sphalerite. r 

MoIyMeoite. I 




. I •!»< 




Pyiosene. 

Hornblende. 

Phlogopite. 

Epidote. 
Idocraee. 
Toannaline. 
Titadite. 

Orthoclose. 
Quartz. 

The apatite, after being 
blasted out, is put through 
the process of " cobbing," 
which consiate in breaking it with a hammer from the adhering impur- 
ities. 

(513) 
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The highest grade which is shipped rarely averages over 85 per cent, 
tribasic phosphate of lime, and none of the mines ship much phosphate 
which does not average at least 70 per cent. Eighty per cent, apatite 
is considered first quality and sells for 11 to 12 i)ence a unit.^ TheVrin- 
cipal market for the Canada apatite is Europe. Great Britain and 
Germany consume over three-fourths of the total product, which, in 
1885, amounted to 23,908 tons. The market is unlimited and the out- 
put is yearly increasing, so that phosphate mining bids fair, in a few 
years, to be one of the most important industries of Canada. The an- 
nexed tables will show the output of the mines in past years, as well as 
the present markets. 

According to the Canadian Mining Review, January, 1886, the prod- 
uct for the past five years has been : 

Tons. 

1881 15,601 

1882 17,181 

1883 17,840 

1884 22,143 

1885 23,908 

Total for five years 96.673 

Shipments to different ports (same authority) : 

Tons, 1884. Tons, 1885. 

Liverpool 8,557 9,563 

London 4,389 7,683 

Hamburg 2,970 3,524 

Bristol 1,824 2,056 

Glaflgow 3,083 482 

Barrow : 350 

Penarth Roads 100 100 

Cardiff 65 

Sharpness * 45 

HnU 40 

Dublin 210 

Sunderland - 60 

Bristol Channel 50 

United States 200 

Consumed in Canada 700 



Total 22,143 23,908 

From Ontario district, 1885 1,500 

From Quebec district, 1885 22,408 

The origin or chemical history of these Laurentian phosphates has 
been a matter of considerable dispute. Dr. T. S. Hunt says that 
phosphates, like silica and iron oxide, were doubtless constituents of 
the primitive earth's crust, and that the production of apatite crystals 
in granite veins or in crystalline schists is a process as independent 

* The expression 11 to 12 pence a unit is the commercial method of signifying the 
value of the apatite. It means 11 to 12 pence for each per cent. Thus 80 per cent. 
phoapbate at 11 to 12 pence per unit would be worth $17.60 to $19.20 per ton 

(514) 
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of life as the forinatiou of crystals of quartz or of hoinatiteJ l*roP 
J. W. Dawsou,^ oil the other hand, thinks the Canada apatites are of 
animal origin, and bases his belief on the presence of eozoou and of 
graphite in the associated beds and of the fluoride of lime in the apa- 
tite. He says: "The probability of the animal origin of the Lauren- 
tian apatite is, perhaps, further strengthened by the prevalence of ani- 
mals with phosphatic crusts and skeletons in the primordial age, giving 
a presumption that, in the still earlier Laurentian, a similar preference 
for phosphatic matter may have existed, and, perhaps, may have ex- 
tended to still lower forms of life, just as, in more modem times, the 
appropriation of phosphate of lime by the higher animals, for their 
bones, seems to have been accompanied by a diminution of its use in 
animals of lower grade." ^ Messrs. Brogger and Reusch,* in their de- 
scription of the !N'orwegian apatites, think that they are of purely erup- 
tive origin. 

1 Chem. and Geol. Essays, 1875, p. 311. 
2 Quart. Jour. Geol. Soc. London, vol. 32, 1876, p. 290. 

3 The reader should note the fact that since the admirable researches of Mobias it 
is doubtful whether eozoon be of organic origin. — N. S. S. 
<Zeit8chr. Deutsch. geol. GeseU., Berlin, vol. 27, 1875. 
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Table giving analyses of apatites of Canada hy Christian Hoffman^ Geological Swrvey of 

Canada, 1877-78. 

[I is from Storrington, province of Ontario ; II is from Bnckingham, province o\ Qaebeo ; lUii 
from North Bnrgeaa, province of Ontario ; iY Ib from Portland, provinoe of Qnebec; V is fttunLoagii- 
boro\ provinco of Ontario : VI is from Portland, provinoe of Quebec ; VII is from Buckingham, prov- 
ince of Qnebec ; VIII is from Templeton, province of Quebec. ] 





I. 
40.373 


II. 
41.060 


III. 
39.046 


IV. 
4L139 


V. 


VI. 


VII. 


vin. 


Phospliorio acid (1) . 


40.868 


40.518 


84.082 


40.813 


Fluorine (2) 


3.311 


3.474 


3.701 


3.863 


3.731 


3.377 


2.85& 


8.W4 


Chlorine (3) 


0.438 


0.260 


0.476 


0.229 


0.428 


0.086 


0.101 


0.040 


Carbonic acid (4) ... 


0.026 


0.370 


0.096 


0.223 


0.105 


0.855 


2.848 


0.518 


Lime 


47.828 


49il61 


46u327 


49.335 


48.475 


49.041 


44.198 
3.507 


49.192 


Sulphur (5) 


Calcium 


3.732 
0.151 


3.803 
0.158 


4.258 
0.548 


4.195 
0.180 


4.1C8 
0.158 


3.693 
0.205 


aw062 
0.422 


3.763 
0.620 


Magnesia 


Alumina 


0.609 


0.705 


1.190 


0.566 


0.835 


0.267 


1.979 


0.565 


Nickel, cobalt, and 


coDDer 














Not det. 




wyyyjM. ............ 

Iron 














. 5.370 
0.120 


0.125 


Sesquloxide of iron 


0.151 


0.125 


1.290 


0.094 


0.905 


0.083 


Alkalis 


? 
3.890 


? 
0.370 


f 
3. 490 


■ ? 
0.060 


f 
1.150 


? 
1.630 


? 
2.080 


f 

0.630 


Insoluble residue... 
Total 

(1) Equal to tribasic 


100.509 


99.506 


100. 512 


99.884 


100. 823 


99.665 


100.544 


99.729 
















• 


phosphate of lime . 


88.138 


89. 682 


85.241 


89. 810 


89.219 


88.455 


74.295 


89.098 


(2) Equal to fluoride 


















of calcium 


6.796 


7.131 


7.781 


7.929 


7.658 


6.932 


5.860 


7.295 


(3) Equal to chlo- 












r 






ride of calcium 


0.685 


0.406 


0.744 


0.358 


0.669 


0.134 


0.158 


0.062 


(i) Equal to carbon- 


















ate of lime 


0.059 


0.840 


0.218 


0.507 


0.239 


1.943 


&473 


1.177 


(5) Equal topyrrho- 


















tite 














8.877 








........ _ 









Analysis of apatite of Canada^ hy Dr. C, U, Shepard, jr. 



IX. 



Phosphoric acid 39.80 

(Equal to bone phosphate, 86.88. ) 
Sand 5.91 

APATITES OP NORWAY. 

Under the heading of apatites com e the phosphate deposits of Nor- 
way. They are found on the southern coast, and extend from Lange. 
gund Fjord to Arendal. They are also found scatteringly in Kongs- 
berg, in the parish of Suarum. Most of them are fluor-apatites, thongli 
they all contain some chlorine, and the apatite from SnaruTn contains 
2.71 per cent, of this element.^ The apatite occurs in both the crystal- 
line and the massive form, and varies from white and yellow to green 

'A dark-blue or greenish- blue variety of crystalline apatite is found at Arendal, 
and Is known as moropite. 
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or red. Some of it is the richest phosphate at preseut iniueil, aver- 
aging at timesover 90 per cent, of phosphate of lime.* (See analyses, 
p. 45). 

The mineral occurs in veins in the country gneisses, granites, quartz- 
ites, and schists, and also in a rock called by Brogger and Keusch spotted 
gabbro (gefleckter Gabbro), which is composed of brown hornblende and 
white or gray labradorite. . It is generally supposed to be of eruptive 
origin. From its description it is very similar to the rock, including 
the apatite, at Bell's mine, Storrington, Ontario, described above, which 
is composed of green hornblendes and white feldspar, and occurs as 
an apparently eruptive mass in the country gneiss. The apatite seems 
to occur indifferently in this hornblende rock and in the other country 
rocks, though, w?icrever it has been discovered in the latter, the spot- 
ted gabbro is generally found in the neighborhood. The apatite is asso- 
ciated most commonly with micas, enstatite, hornblende, pyroxene, 
albite, tourmaline, copper and iron pyrites, and other minerals, includ- 
ing many other species of rarer occurrence which are hereafter enume- 
rated^ As in the Canadian deposits, the contents of the veins are 
variable, being in some places composed almost entirely of either mica 
or enstatite, or both, and in others consisting of apatite with only a 
few micaceous and pyroxenic impurities. The veins are markedly dif- 
ferent from the Canada veins in the fact that they contain only very 
little carbonate of lime. The large calcareous veins containing apatite^ 
which are so common in the Canadian apatite districts, are never found 
in the apatite districts of Norway. The apatite veins in NorWfiy are 
often very numerous and run in all directions, forming a perfect net- 
work all throagh the rock. Thus at Oedeg§-rden there is an area of 
58 square rods which is cut up by innumerable veins of all sizes. The 
principal one of these has been worked to a considerable extent; it dips 
at 450, has a thickness of one foot to four feet, and a length of about 
five hundred yards. Dr. C. U. Shepard, jr., who visited it in 1874, 
says: *'It was found in the face of a low, rocky ledge, occurring in 
mica and a clay slate." ^ The veins often show a banded structure, hav- 
ing the mica and hornblende on the outside and the apatite in the cen- 
ter, though in other places they also show, as is generally the case in 
Canada, a confused mass of crystallized minerals. At Eegdrdsheion 
there are five parallel veins, one of them one and a half feet thick 
and one hundred to one hundred and fifty feet long ; four dip at 30^, 
while the fifth is almost vertical (Brogger and Keusch). At Kra- 
geroe there is a large vein seven feet wide. It occurs in granitoid and 
schist rocks, though from the summit of the hill, from which it crops 
out, there protrudes the eruptive gabbro. The vein matter is com- 

* Some of the phospliate deposits of Norway, especially at Krageroe, partake very 
mach of the nature of phosphorites, bat they are all classed together here, as both 
varieties are so intimately associated that they cannot be conveniently separated. 

«Dr. C. U. Shepard, jr., MS. 
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posed largely of horubleude and apatite in varying proportions, with 
crystals of rutile occasionally scattered through the mass. The horn- 
blende often contains cavities lined with crystals of the same substance, 
and of quartz, apatite, and other minerals. At Nestesv^g the apatite 
vein occurs in quartzite. The minerals found in the Norway apatite 



are 



Qnartz. 

Apatite. 

Calcite. 

Talc. 

Orthoclase. 

Albite. 

Oligoclase (and albite). 

Esmarkite (auortbite f ). 

Scapolite (and paleo-albite). 

Toarmaliiie. 

Hornblende. 

Pyroxene. 



Enstatite. 

Phlogopite and green magnesian mica. 

Chlorite. 

Aspasiolite. 

Titauite. 

Hematite. 

Rutile. 

Menaccanite. 

Magnetite. 

Copper pyrite. 

Magnetic pyrite. 

Iron pyrite. 



The apatite of l^orway was mined as early as 1854. The first dejKW- 
its worked were those of Krageroe, from which, between the years 1854 
and 1858, 13,000 tons were taken and sold for $110,000. The Oede- 
g^den deposits were discovered in 1874 by Axel Esmark, a Norwegian 
mineralogist. They have since been worked on a small scale. . The 
difficulty of mining Norwegian apatite has been so great, however, that 
the yearly output has never exceeded a few thousand tons, and the 
mineral at present has been almost driven out of the market by the 
Canada, Ourayoa. and other high-grade phosphates. 

As regards the origin of the Norwegian apatites, Brogger and E/eosch 
think they are of eruptive origin. The banded structure of the veins 
they ascribe to the way the minerals solidified from a state of fusion. 
The country rocks are almost absolutely destitute of phosphoric acid in 
any form, and, consequently, they infer that the vein matter is in no 
way dependent on the surrounding rocks. Another argument which 
they bring up in support of the eruptive theory is that veins are often 
seen to be fine-grained on the outside and coarse and crystalline in 
the center. 

Table f/iving analyses of apatite of Norway ^ by Dehern. 



Phosphoric acid 

E(iuivalciit to bone phosphate. . 
Sand 



Yellowish 
brown. 




^ZeitBcbr. Deutsch. geol. Gesell., vol. 27, 1875, pp. 672, 673. 
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TmhU §iri»9 ma?jfKS of ki^-ffrade Karwtgiam apaiitey hg Dr. C. U, Skepard, jr. 



i L I II. 

! I 



Mid I 38.79 

Iqairalaift to booe phosphate '. S3LC8 

Inaolable aOiccoiu matt^ < 8.13 



! t 

37.86 



Amdlg9i» •fapmtite from Arendal, Xorwaifj hy G. Bo9e. 

Phosphoric acid (I) 42.229 

Floorine (2) 3.415 

Chlorine (3) 0.512 

Lome 49.960 

Calcium - 3L 



100.000 

(1) Eqaal to tribasic pho^hate of lime 92.1^9 

(2; Equal tofiaorideof cakiam....... 7.010 

(3) Equal to chloride of calcium 0.>?01 

APATITES OF STATS. 

The only other apadte deposits which have yet become of commer- 
cial importance are in Spain. At Malpartida de C4ceres are the minex^ 
of Seiior Grappin. The mineral occurs in granite, and aboat six t hocLsand 
tons annoally have been shipped in good years. Consulerable depo(§iu 
of apatite are foond at Zarza la Mayor, and at Ceclavin, in the district 
of Alcantara, near the Portngnese frontier^ and aboat twenty miles 
from the Tagos. Crystalline apatite is also found in the volcanic rocks 
at Jnmillay in the province of 3Iarcia. which aveniges ^fi per cent, phos- 
phate of lime.'^ It is also foand in the provinces of Alemtejo and Za- 
mcnra.' The Jamilla apatite is often of the yellowish-green variety, 
known as asparagns stone or SpargeL^tein. 

The Spanish apatite deports are lisiiteil in quantity, compared with 
the phosphorite deposits of that coaatry. and they have never prtyiaced 
more than a very few thoosand toQ.« annually. At present, on accoont 
of the disturbed political condition of the coantry, no apatite u ex- 
ported. 

A descripticm of the other if r/aQl^ii <Iepoe?:u U ;a v^n azidti the sabj^fX 
of phosphoritesw 



^txt'lm^ r>.K. 

Sand r. ■«>• 



'Naranjo y G:uza -t' I-tn*'. r'.'. :k .k» - h: .. ^.". ^-^.-.'.•^ ^ -^^ r fir..»>*- I-f.»r > ^.'T. 



>!!> 



46 DEPOSITS OF PHOSPHATE OF LIME. [bull. 41 

[IL Apatite from Maroia, by G. Bose.] 
Phosphoric acid (1) 4^.172 

Fhiorine (2) 3.434 

Chlorine (3) 0.566 

Lime 49.894 

Calcium 3.934 

100.000 

(1) Equal to trihasic phosphate of lime 92.066 

(2) Equal to fluoride of calcium 7.049 

(3) Equal to chloride of calcium : 0.885 

PHOSPHORITES. 

'' The name phosphorite was used by Kir wan for aU apatite, but in 
bis mind it especially included the fibrous, concretionary, and partly 
scaly mineral from Estremadura, Spain, and elsewhere.''^ In this 
latter sense it is used here, but it will also include certain vitreous and 
earthy forms which are often so intimately associated with the above- 
mentioned varieties and which often run into them by such gradations 
that they are best described together. 

The phosphatic deposits of Nassau, in Germany; those of the south* 
west of France, commercially known as " Bordeaux phosphates," and 
those of Estremadura and O^ceres, in Spain, come under this head. 

PHOSPHORITES OF NASSAU. 

The phosphorite deposits of Nassau were discovered in 1864 by Herr 
Victor Meyer, of Limburg, though as early as 1850 Dr. Sandberger had 
discovered apatite in the manganese mines of Kleinfeld. 

The principal phosphorite deposits occupy an irregular area, bounded 
on the northeast by the town of Weilburg, on the northwest by the 
Westerwald, on the east by the Taunus Mountaiqs, and on the south 
by the town of Dietz. The general appearance of the country is that 
of a broad plain, intersected by the Lahn and its tributaries. The 
phosphorite is found in cavities in a hard, massive, dolomitic limestone 
of the Devonian age. The following section,^ in an ascending order, 
will show the geologic relations of the deposits : 

(1) Porphyry, dark to light gray and green, containing cavities of calcareouB 
matter. 

(2) Slaty and shaly beds, much contorted. 

(3) Dark-red sandstone, containing heds of hematite. 

(4) Dolomitic limestone, white, blue, or pink in color, resting unconformablj on 
the underlying bed. 

(5) Phosphorite deposits. 

(6) Brown clay, supposed to be Tertiary. 

The phosphorite is sometimes found on the surface and sometimes 
under as much as two hundred feet of clay. The hollows contain- 
ing the phosphorite are generally much worn and have all their edges 
rounded off, as if they had been exposed to the action of water for a 
long time before the phosphorite was deposited in them (Figs. 22, 23). 

1 J. D. Dana: A System of Mineralogy, 1873, p. 531. 
«I>. C, Pavjes; Gool. Mag,, yol. 5, London, 1868, p. 262. 
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The pfaoBphatic defiositB vary from six inches to six feet in thick- 
ness and seem to attain their greatest continaity in a belt running in a 
northeast and southwest direction, thiuniog out gradnally at both ex- 
tremities. .They aeem to occur CHily with the limestone, and are no 
longer found when that rock disappears. This would seem to indicate 
that they depend on the limestone for their origin. 




■1 Magaiise, LoDdoD, 16SS. 



The phosphorite is found in a great Tariety of forms. It is generally 
massive, fibrous, earthy, porous, jasper-like, kidney-shaped, stalactltic, 
or nodular. Occasionally there are found in it minute crystals of 
ai>atite (Davies). Sometimes, also, it occara as an incrustation, and it 
is then known as staffelite, from its abnndance near the town of StafTel. 




1 1 Geological Magatlne, London, 1& 



This mineral is, generally, white, yellow, green, or brown in color, and 
occasionally translucent. The other varieties are of almost all colors, 
white, yellow, red, gray, bine, green, brown, or black. Occasionally a 
lwec<uat«d variety is found, bat the larger part of the deposit is of the 
massive kind.' The hardness varies from 1 to 5. With the phosphor- 
ite oecasionally occur deposits of crystalline hematite and mangaoese 
ore. These minerals are most common ou the outside edges of the 
phosphate-bearing area, but are also found with it in the same deposit. 
Theamoant of phosphate of lime in the phosphorite is very variable, 
.averaging from 60 to 92 per cent, (see analyses). It is generally richest 
when associated with the least hematite and manganese and, when free 
£rom the former mineral, it makes an excellent superphosphate. Among 
the other minerals associated with this deposit are wavellite, calcite, 
quartz, wollastonite, jasper, and chalcedony. 

, jjj. (, jj sbepatd, jr., MS. "^ 
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There are no signs of organic remains in the Ilfassaa phosphorites, 
but they are generally believed to be of animal origin. Dr. Mohr 
thinks they were formed by the concentration of the phosphate of lime 
from the underlying limestones. At present not much phosphorite is ex- 
ported on account of the dif&culty of freeing it from the associated iron 
and the expense of mining it. Several years ago, however, large quanti- 
ties were sent to England, and in 1867 the total output of all the mines 
amounted to 30,000 tons, which sold, according to its quality, for $5 to 
$8 per ton. It is still used in considerable quantities along the Rhine. 

Table of analyses of NMtau phoaphoiHtes, 



Lime 

Magnesia 

Sesquioxide of iron . 

Alumina 

Potash 

Soda 

Phosphoric acid — 

Carbonic acid 

Silicic acid 

Fluorine 

Water 

Sulphuric acid 



Fresenius 
and Foster. 



Pure staf- 
felite. 



Deduction for oxygen. 



45.79 
0.16 
6.42 
1.08 
0.58 
0.42 

34.48 
1.51 
4.83 
3.45 
2.45 



101. 17 
1.45 



99.72 



Fresenius. 


Wicke. 


General 
sample. 


General 
sample. 


47.81 


42.31 


0.12 


0.23 


3.77 


8.22 


1.67 


2.23 


0.66 


1.26 


0.52 


0.09 


33.84 


30.63 


2.75 


2.78 


5.04 


6.61 


2.11 


3.74 


2,74 


3.00 




1.07 




100. 53 


102.17 


0.84 


1.57 


99.69 


100.60 



PHOSPHORITES OF SOUTHWESTERN FRANCE. 

The phosphorites of the southwest of France are in the departments 
of Lot, Tarn-et-Garonne, and Aveyron. The region is limited by the 
valleys of the rivers L^re, Cell^, and Aveyron, and the phosphorite is 
found in largest quantities near Caylus and at St. Antonin, Limogne, 
Cajarc, Figeac, Villeneuve, Bozouls, and other places on the southwest- 
ern side of the central plateau. The material occurs in fissures and 
cavities in the surfaces of hard, compact, gray limestone plateaus which 
belong to the Oxfordo-Coralline group of the Jurassic formation. The 
deposits are of two kinds. ^ The first occurs in irregular cavities, never 
over a few yards long, and partaking more or less of the character of 
pockets ; the second, in the form of elongated leads, with sides which 
are nearly vertical and which run in a generally parallel direction, 
widening and narrowing at intervals. They are generally shallow and 

'Mr. Danbrde: Comptesrendus Acad.sci., Paris, vol. 73, 1871, 
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thin out very rapidly at a short distance from the surface. They often, 
however, continue for some distance lonptudinally. Thus, at Pendar^, 
the surface of the phosphate lead is three to ten yards wide and has 
been followed in a straight line for 100 yards. Auy sudden turn or curve 
in the fissure is, aocordiug to Mr. Rey-Lescure,^ almost sure to make the 
lead thin and poor. Tbe richest leads are those which run in a straight 
line and have walls which are smooth and tend toward a vertical po- 
sition. According to Mr. Daubree,*-^ the fissures seem to follow certain 
definite directions. Thus, at Pendar6 and Mas-Merlin, they run ENB. 
and WS W. At the same time there is another series of leads running at 
right angles to these. The phosphatic material of the leads running in 
different directions is of very different character, as will be hereafter 
shown. 

The phosphorite occurs in a great number of forms. Sometimes it 
has a rounded, concentric, and radiated structure ; at others it occurs 
in nodular and mammillated masses. Often it is found in agate-like 
zones, forming twenty to thirty layers in a thickness of a centimeter. 
Sometimes it occurs as geodes,^ and at other times it is found in fibrous 
masses, very much resembling aragonite. The phosphorite varies very 
much in hardness, compactness, and general appearance. The purest 
form is as hard as apatite, has a resinous or subvitreous luster and 
a yellowish-brown color. Sometimes the color is of a light blue, pos- 
sibly due to the presence of phosphate of iron. The impure varie- 
ties are white, yellow, or red, and are often soft and earthy. The 
phosphorite which occurs in the form of nodules is often hollow in 
the interior, containing loose stones in the cavities (Daubree). The 
whole mass is mixed with siliceous pebbles, clay (more or less ferrugi- 
nous), loose blocks of calcareous rock, and pisolites of iron, all solidified 
into a mass varying very much in compactness and generally contain- 
ing numerous cracks and cavities. Often pyrolusite is associated with 
the phosphorite, occurring in thin layers or in the form of dendrites. 
The pre^sence of iodides has been detected, in which respect it resembles 
the phosphorite of Amberg in Bavaria. Minute quantities of bromides 
are also found. The presence of pisolites of iron is most frequent near 
beds of iron ore ; and the iron, according to Eey-Lescure,* probably has 
been derived from such beds. 

Mr. Trutat has found that in the leads which run EKE. and WSW. 
the phosphorite is compact, vitreous, agate-like, and, rarely, geodic. 
In the leads at right angles to these the mass of phosphatic material 
consists apparently of geodes filled with carbonate of lime or ferrugi- 
nous clay. The geodes are, however, generally broken and in fragments, 
so that their contents cannot be observed. The leads of the first variety 

* Bull. Soc. g^ologique France, 3d series, vol. 3, 1875, p. 398. 
'Comptes rendus Acad, sci., Paris, vol. 73, 1871. 

3 Mr. Leymerie: Note sur les phosphorites du Quercy, Toulouse, 1872. 

♦ Bull. Soc. g^ologique France, 3d series, vol. 3, 1875. 
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generally consist of long fissures with parallel walls, while those of the 
second variety represent the irregular pockets described by Daubr^e. 
Trutat thinks that the ENE. and WSW. leads were formed first, and 
that those at right angles to them were formed later, by the action of car- 
bonic acid, which dissolved part of the original leads and redeposited 
it in new hollows and crevices. 

The phosphorite deposits are usually capped by a deposit of ferrugi- 
nous clay, containing pisolites of iron, bones of land animals, and nu- 
merous land and fresh-water shells. Among the bones are the remains 
of many carnivorous, herbivorous, and omnivorous animals, all mixed 
together. The bones are well preserved and not affected by chemical 
action. The deposits of Cregols and Beduer have afforded immense 
quantities of bones of carnivorous animals, and in the deposits of Ray- 
nal, Servanac, and Mouillac are found the remains of many skeletons 
of anthracotherium, palsBOtherium, and rhinoceros of several varieties. 
The bones are also occasionally found embedded in the phosphatic mat- 
ter itself.^ Thus, near La Mandine there are so many remains of palse- 
otherium (P. medium) that from one cubic decimeter of phosphatized 
marl four or five fragments of different jawbones and many other 
bones were obtained. Remains of hysenodon and many land and fresh 
water mollusks, among them Planorbis and Limncea^ as well as tur- 
tle remains, are found in many deposits. Bones of cainotherium and 
anoplotherium are of frequent occurrence. Though the rock which 
contains the phosphorite deposits is of Jurassic age, the phosphate 
itself is generally believed to be of early Tertiary (Eocene) age. The 
way in which the phosphorite came to occupy its present position, how- 
ever, has been a much more disputed point than the time in which the 
deposit was formed. Daubr^e,* Rey-Lescure,^ Leymerie,* and others 
are of the opinion that the phosphate came from mineral springs, 
rising from the bottom of the fissures. The phosphate was dissolved 
by the action of hot water containing carbonic acid, and, when it came 
into the fissures, the carbonic acid was lost and the phosphate was de- 
posited. They think the bones are too few to have anything to do 
with the origin of the phosphate. 

FilhoP urges against this theory that in all the deposits which have 
been worked out, and thus afforded a chance of examining the sides ot 
the crevasse, he has found that the phosphate does not run into other 
leads by narrow necks and veins, as Rey-Lescure asserts, but that the 
leads are in no way connected with each other and that the crevices 
show no openings through the limestone which could have served as 
an exit for the phosphatic solution. Consequently he concludes that 

MM ■ I ■ ■■■ I I ■ ■ ■ ■ ■■■' ^-^^^ 111 ■ - — ■■ ■ •• I —.11 ■ ^^^^■^^■^^^M^M^M^— ^l^^^.^^^^^^^^^^^^,^,^^ 

* Mr. Daubrde: Comptes rendus Acad, sci., Paris, vol. 73, 1871. 

2 Alph. Peron : Bull. Soc. g^ologique France, 3d series, vol. 2, 1874. 

3 Bull. Soc. g^ologique France, 3d series, vol. 3, 1875. 

* Note snr les phosphorites da Quercy, Toulouse, 1872. 

* Annalessci. g6ol., vol. 7, 1876; Recherchessur les phosphorites du Quercy, pp. 1-230. 
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the deposits were fortned.by a solution of pliospliate onime in carbonic 
acid, running from the surface downward into the fissure. When all 
the fissures were filled the solution often spent its strength in phos- 
phatizing the marl of the neighborhood. Thus at La Mandine Basse 
they find a calcareous marl containing 25 to 30 per cent, phosphate of 
lime. 

Mr. Combes^ thinks the phosphate bed was formed by phosphatic 
vapors 'rising up through the Jurassic limestone and phosphatizing it. 
He thinks a similar action is going on at the present time. Mr. Malin- 
owski^ thinks that the beds are of purely animal origin and that vol- 
canic eruptions of Auvergne killed all the animals of the period and thus 
furnished the phosphate to fill up the fissures. Mr. Delfortrie^ thinks 
the deposit is of Quaternary age and derived from altered guano. 

Mr. Peron* has shown that the phosphate deposits only occur where 
the Tertiary deposit now exists or wliere it has existed in time past. 
Thus on the Jurassic plateau at Bach, Mouillac, and Malp^rie, the Ter- 
tiary formation which covers it at Lavaurette, Monpalach, and Lasalle, 
in TarnetGaronne, has been eroded. Yet both districts are rich in 
phosphate. On the other hand, at Laussiers and Anglars, where he 
supposes the Tertiary has never existed, there is no phosphate. He 
thinks the phosphate deposits are synchronous with the Lower Ter- 
tiary of Aude and Tarn. The waters of the Eocene, he supposes, came 
suddenly over the Jurassic plateau, overwhelming the numerous land 
animals of the region and sweeping the remains of these and masses of 
gaano into crevices and cavities, together with quartz pebbles, land and 
fresh- water shells, and other debris. Then the action of time and car- 
bonated waters partially metamorphosed the phosphate and converted 
it into concretions and other forms of phosphorite in the midst of the 
clay and bones. At a later time the superficial deposits of bones were 
laid down. 

The strongest arguments of the advocates of the hydrothermic theory 
are the presence in the phosphorite deposits of iodine and manganese, 
and of pisolites of iron, which are generally of hot spring origin. 

Peron thinks these latter were formed during the deposition of the 
Lower Tertiary formation. He also calls attention to the fact that phos- 
phorite has nowhere been found in the southwest of France at a greater 
height above the sea than 320 meters. This he explains by supposing 
that the waters of the early Tertiary did not extend above this height. 

The phosphorites of the southwest of France were discovered in 1865, 
on the plateau of Quercy, in the department of Lot, by Mr. Andr6 Poii- 
marMe. Five years later the deposits of Lot-et-Garonne, Tarn-et-Ga- 
ronne, and Aveyron were discovered and worked until the last few years, 

» Phosphorites du Quercy, Revue scieutifiqne, 1872, No. 12. 

* Traits special des phosphates de chaux natifs, Cahors, 1873. 

^Les gltesde chaux phosphatde daus le ddpart. du Lot, Bordeaux, 1873. 

*Bull. Soc. g^ologique France, 2d series, vol. 2, 1874. 
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when the exports ceased. The best deposits had given oat and the oth- 
ers contained so much iron and alumiua that the material was very unde- 
sirable as a source of superphosphate. For several years, from 1870 to 
1875, an average of 20,000 tons per annum was exported.^ Some of the 
mines are still worked, but the phosphate is ased only in a raw state 
and for local purposes. 

Soon after mining had begun in this region, Ouillier estimated that 
the total contents of all tbe mines would not exceed 100,000 tons. This 
estimate was much too small, but it serves to show that the deposit is 
a very limited one. The phosphate was formerly collected in loose 
bowlders from the fields for the purpose of building walls. At the 
Pearl mine, near Oajarc, the phosphorite crops out at the surface.^ At 
the depth of 75 feet the lead becomes very thin and uncertain. The 
mass of the phosphorite is, in some places, 10 feet thick, but ordinarily 
It consists of several more or less parallel bands, which end abruptly. 

One of the largest mines is at Larnagol, in the department of Lot. 
It is situated on the summit of an Oxfordiau plateau over a thousand 
feet high. The first quality rock is cleaned by hammer and hand, and 
the second quality in a simple horizontal washer, driven by steam. The 
phosphorite contains both chlorine and fluorine, but in much smaller 
quantities than exist in apatite. As has been said before, it also contains 
iodine, and in some specimens traces ot bromine have been detected. 

Table of analyses of phosphontes from southwestern France. 

[I. Anal 3*868 by Bobieire.] 





I. 


IL 


III. 

12.70 
36.48 


IV. 

12.06 
35.84 


V. 


VT. 


VIL 


vni. 


Siliceous sand 


1.00 


4.70 


3.00 
36.80 


1.00 
37.10 


1.40 
37.00 
51.50 

10.10 


0.93 
38.32 
48.92 

11.83 


Phosphoric acid 

Total lime 


38.00 
51.47 


32.94 


Water volatilized at red 
heat, fluorine, chlo- 
rine, carbonic acid.and 
oxides of iron and 
mansanese 


9.o3 












Lime in excess of phos- 
phoric acid, and com- 
bined with carbonic 
acid, fluorine, and 
chlorine 




•-"■* •,---- 






100. 00 
6.87 












100.00 
8.10 


100.00 
3.94 








« 

















*Dr. C. U. Shepard, jr., MS. 
(526) 



FBNBOa.J 



PHOSPHORITES OP SPAIN. 



53 



Table of analgsea of phosphorites from southwestern France — Continaed. 

[II. Analyses by C. IT. Shepard, jr.] 



Phosphoric acid 

Eqnal bone phosphate 
Sand 



Hi^h>fTade 
phosphorite, 
from Mas- 
Merlin. 



Low-srade 

phosphorite, 

from 

LamagoL 



38.64 
84.35 
1.00 i 



21.46 
46.85 
14.58 



Saperphosphates made from 12 parts (by weigbt) of rock and 9 parts 
of sulphuric acid (1.60 specific gravity) gave: 

High grade 14. 98 per cent, soluble phosphoric acid. 

Low grade 5. 04 per cent, solable phosphoric acid. 

ini. Analyses of commercial Bordeaux phosphate by C. IT. Shepard, jr.] 



Phosphoiie acid 

Equal bone phosphate 
Sand 



I. 


n. 


35.46 


34.45 


77.41 


75.20 


4.35 


8.55 



Superphosphates made in the same way as the last cas^ gave 




I. 




SolnblB Bhotfohorio acid •••• 


15.00 


12.48 





PHOSPHORITES OF SPAIN. 

The phosphorite deposits of Spain are situated near the towns of 
Logrosan and C^ceres, in Estremadura.. The two localities differ some- 
what in the mode of occurrence of the phosphorite as well as in its 
physical properties, and will therefore be treated separately. 

Logrosan deposits^ — The country in which these occur is a broad table- 
land composed of a clay slate and studded here and there with conical 
peaks rising abruptly from the level of the plain, and often reaching 
the height of three hundred to six hundred feet above the surrounding 
surface. There also occur numerous long, flat ridges, rising, like the 
peaks, abruptly from the surface of the plateau. The slate is of very 
variable character, being composed sometimes of a dark-blue, fissile 
schist, sometimes of a micaceous or a talcose schist, and at other times 
of alternating beds ot talc and feldspar.^ No fossils are found in this 
formation, but in a very similar deposit near Almaden, and about 
eighty miles from the town of Logrosan, are found numerous fossils, 

iCliarles Daubeny and Captain Widdrington : Jour. Eoy. Agric. Soc, 1845. 
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such US Sphifer attenuatus and trilobites. Consequently the slate 
formation of Logrosan and Caceres has been referred by some French 
and Spanish geologists to the Silurian formation. Le Play^ refers 
it to an older formation than the fossiliferous slates of the neighbor- 
hood of Almaden. The conical peaks rising up from this formation 
are granitic intrusions. They are very feldspathic and often much 
weathered. In this latter respect they differ from the long, flat 
ridges spoken of above. These are beds of quartzite interstratified 
with the country rock, which has a quite regular, almost vertical 
dip. The quartzite is sometimes very compact and homogeneous 
and at others it is granular and often resembles a sandstone. It has 
resisted the erosive action, which has worn down the more easily at- 
tacked parts of the slate formation and now stands out in bold, angular 
ridges. The section (Fig. 24) from Truxillo to Logrosan, a distance of 
seven Spanish leagues, will show the general character of the country. 
Besides the rocks already mentioned, large veins of dark limestone 
are occasionally found cutting through the slate formations. 



A. a A « ^ • A 

Fio. 24. Section from Trnxillo to Logrosan, Spain, after Daubeny and Widdrinj^ton. A, granite; 

B, slate ; C, phosphorite. 

The phosphorite occurs in true veins and in pockets. Occasionally 
it occurs as a vein at the line of junction of the granite with the country 
slate. It is of a variable character, occurring sometimes in an amor- 
phous and compact form, at others in a fibrous or concretionary state, 
often inclosing pebbles of white or ferruginous quartz. It varies in 
color from white and yellow to a rich, jasper-like red. It is often cov- 
ered with dendrites of manganese, and occasionally agate-like varieties 
are found in which the phosphate is interstratified with bands of lilac 
amethyst. The palmated variety is generally the purest and the most 
abundant. It has a hardness of 5.5, and a specific gravity of 3.12. 
When heated in a darkened room it gives off a bright phosphorescent 
light.2 

At Logrosan there are six principal deposits of phosphorite. They 
are known as Costanaza, Jungal, Castillon, Angustlas, Terrenos Co 
lorados, and La Cambre Bojera. The Costanaza vein is by far the 
largest phosphorite vein known in all Spain, and perhaps in the world 
(Shepard).^ It extends for about two and a half miles from the foot of 
Mt. Boyales, on the north, in a southeasterly direction past Mt. Cristo- 
bal. The vein dips at an angle of 60° to 90° toward the east (Garza and 

* Annales des mines, 1836. 

8 Snr la phosphorite de Logrosan, Estremadura, Messrs. Naraujo y Garza and Lino 
Pefmelas : BuU. Soc. g^ologique France, 1800, vol. 17, p. 157. 
^Foreign Phosphates, 1879, p. 25. 
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Peiiuelas), and cuts obliquely through the country slate, which has a' 
strike of north 15o to 45^ east, and a dip of 70^ southwest. The vein 
has been worked principally where it crosses hills, and especially near 
the chapel of Kuestra Seiiora del Oonsuelo. It varies from ten to 
twenty feet in width and contains streaks of quartz and horses of coun- 
try rock. The walls of the slate show signs of considerable decomposi- 
tion and disintegration. The vein thins out at each end, and also grows 
narrow at a depth; though, as the excavation is only about forty feet 
deep, the bottom has not yet been reached.^ 

The second vein, Jungal, is at the entrance of the town of Logrosan, 
on the road to Truxillo. It has a mean width of 32 inches and a lengtb 
of one thousand to twelve hundred feet. In most respects it resembles 
the Costenaza vein, but is on a much smaller scale. 

The Gastillon vein runs under the town for a considerable distance 
and varies in width from five to six and three- fourths feet. It presents a 
mass of phosphorite of great purity. 

The Angustias lead is on the side of the hill Kuestra Seuoradel Con- 
snelo and runs towards Mt. Boyales. It is not so valuable as some 
of the other leads, because of being much cut up by quartz veins and 
horses of country rock. 

The Terrenes Colorados vein is 330 feet long and averages six and 
two-thirds feet wide. It is parallel to the Cambre Bojera lead, which is 
about the same size. 

The general direction of all these veins is northwest and southeast, 
with a dip of 60o to 90o. 

The Logrosan phosphate has a subcrystalline structure; some speci- 
mens are fibrous and radiating and often resemble feathers. It is soft 
and chalky to the touch, easily broken, but diflScult to grind into a fine 
powder. An examination under the microscope exhibits conchoidal 
figures interrupted with spherical grains, devoid Of color and opaque 
(Shepard). It is infusible before the blowpipe; but, on being subjected 
to long-continued heat, a luminous disk, perceptible in the dark, makes 
its appearance at the point of contact of the mineral and fiame, and a 
green phosphorescence appears when it isheated for a short time. It is 
readily soluble in hydrochloric, nitric, or sulphuric acid. 

The highest-grade material is rosy white or yellowish white in color, 
soft, concentric, often brilliantly radiated, with a mamillary or con. 
choidal surface. Eed spots from iron and beautiful dendrites of man- 
ganese are not infrequent. The poorer qualities are milky white, vitre- 
ous, hard, and, though free from limestone, contain considerable silica. 

The shipment of phosphate from Logrosan involves great trouble and 
expense. The mineral is drawn by ox or mule teams to the nearest rail- 
road, a distance of 30 miles, and is shipped at Villanueva de la Serena. 
This carriage costs about 20 cents per cwt., and the carts make two 

^Bt. C. U. Shepard, jr., MS. 
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trips a week, carrying 40 to 50 cwt. each trip. This, with the fexpense 
of getting it to Lisbon and thence to England, makes it cost aboat $15 
a ton to land in London. First-class phosphorite (80 to 85 per cent.) 
sold there, in 1875, for $25 a ton. 

In the C^ceres district, which supplies most of the phosphorite 
shipped from Spain, the mode of its occurrence differs from that in the 
Logrosan district. While in the latter it occurs in veins, sometimes 
of considerable length, at C^eres it occurs in pockets in great veins of 
quartz and dark limestone, which are found cutting through the coun- 
try slate. The principal mines are united in the Fraterjidad Company, 
and are known as the Esmeralda, Estrella, San Eugenic, Abundancia, 
Cacereiia, San Salvador, and La Perla.^ The first four, being the only 
mines of much importance, will alone be described. As will be seen 
from the ground plan (Fig. 25), the limestone and quartz veins, in 
which the phosphate is found, occur in both the granite and the slate 
rocks. 




Fio. 25. Ground plan of the Cdceres mines in 1875; after Dr. C. 17. Shepard, jr. (MS.). 1, Abiindui- 
oia mine; 2, Carcere&a mine; 3, San Eagenio mine; 4, San Salvador mine; 5, Estrella mine; 6, Es- 
meralda mine; 7, La Ferla mine. 

The Esmeralda mine is considered the largest and best of the C^ceres 
mines. There are two veins penetrating the side of a hill in a north 

III! I - — * 

' C. U. Shepard, jr., MS. 
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and east direction, respectively, at an angle of aboat 45'^. The rein to 
the north has a tbickaesa of ten to twenty feet, and contains a variable 
quantity of limestone and siliceoas rock. The immediately snrronnding 
rocb: ia limestone of a hard, brown character, which has been excavated 
for a depth of some oqb hundre<l feet (1875). The leads appear to 
narrow as they are followed into the hill. The exterior of the mass of 
phosphate is bard, white, and compact, while toward the center it be- 
comes soft, crambly, and of a rosy color (Shepard). There is less 
hard, siliceous rock here than in the other mines. 

At the Estrella mine the lead enters the bill in which the Esmeralda 
mine is situated at an angle of 45°. The total thickness of the deposit is 
ten to twenty feet. It is very irregular in shape and grows thinner as it 
enters the bill. It contains less of the rich, pulverulent variety of phos- 
phorite and more of the compEict, vitreous variety than the last mine. 
Like the Esmeralda mine, it is in a limesMne vein (Fig. 26). 



S 



The San Eageuio mine is smaller than either the Esmeralda or the Es- 
trella. The lead is almost vertical and the phosphorite in some places 
is of a very bigh grade, but in others it is very siliceous and impure. 

The Abundancia mine has been abandoned on account of the trouble 
from water. It is simply a round open pit 75 feet deep and 100 feet In 
diameter. It once gave large quantities of excellent phosphorite, but 
what is now left is siliceous aud containn only 50 to 65 per cent, phos, 
pbate of lime, while the best Spanish phosphate will average 80 to 85 
percent. (See analyses pp.58, 59.) TheC&ceres phosphate is massive 
and amorphous and of two varieties: (l) Somewhat granular, easily 
crumpled, aud of a white or rosy color; (2) dense, vitreous, bard, and 
white, with occasional streaks of quartz or limestone. 

CAceres is 43 miles north of Merida, a station on the railroad between 
Madrid and Lisbon, and near the Portuguese frontier. The cost of 
transportation between the two places varies from 12J to 20 ceuts per 
cwt. Thence to Lisbon costs $4.55 per ton, making the total cost to 
Lisbon atnouQt to $5 to $8 per ton. The G^tteiea mm«.?> '««tfe^'i\< oT^itSifeft- 
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uutil ISOO, and from that time uutil 1875 the mines had exported only 
124,150 tons of phosphorite. 

The Logrosan deposits were the first phosphorites found in Spain. 
The earliest mention of them is by William Bowles in 1782.^ He says 
that at the base of the Guadalupe Mountains, and near the town called 
Logrosan, the royal road is traversed by a vein of phosphoric stone, 
running in a north and south direction. It was also mentioned by La 
Play, Proust, and others in the early part of this century. But the 
deposit did not attract much attention until Professor Daubeny, of Ox- 
ford, and Captain Widdrington^ visited the Logrosan country in 1844 
and made a thorougb study of the one vein then known. Later, in 
1849, Mr. Karanjo y Garza, by order of the Spanish government, made 
a survey of the basin of the Guadiana and gave a description of the 
Logrosan phosphate deposits.^ * 

The Ciiceres deposits were discovered in 1860 by Mr. E. De Luna. 

Ever since about 1855 the Spanish phosphorites have been worked 
at intervals. The phosphorite is of excellent quality, commands a 
high price, and makes as good a superphosphate as any phosphate 
known. But the expenses of transportation and the occasionally un- 
settled political condition of the country have been great detriments to 
the development of the mines. 

Analyses of phosphorites of Spain. 

[I. Logrosan phosphate, by De Luna.] 

Water 0.40 

Bone phosphate of lime - 82.10 

Phosphate of iron w 5.20 

Phosphate of magnesia .....i 0.30 

Fluoride of lime 7.31 

Carbonate of lime 1.74 

Chloride of lime 0.40 

Silica 2.55 

100.00 
[II. Logrosan phosphorite, by Professor Daubeny.] 

Silica 1.70 

Protoxide of iron 3.15 

Fluoride of lime 14.00 

Phosphate of lime 81.15 

[III. Logrosan phosphate, by Messrs. Pelletier and Donadei.] 

Phosphoric acid 40.12 

Silica and clay 3.10 

Hydr6chloric acid 0.06 

Hydrofluoric acid 2.27 

Lime 53.50 

Peroxide of iron 0.61 

Loss 0.79 

' Natural History and Phybical Geo^jraphy of Spain, Madrid, 1782. 

2 Quart. Jour. Geol. Soo. London, vol. 1, 1845, pp. 52-55. 

3 I/a Gazette de Madrid, July 22, 1849. Revista Minerva (March and July, 18&5). 
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[rV to VII. Logrosan phosphutts ^y ^r. C. U. Sboptird, jr., ami Dr. WaiinT.] 



Phosplioric acid 

Equal bone pbospbate 
8aDd and insolable matter 



'iV.Wbito 
and bard. 



36.97 

80.71 
12. 63 



V. Yellow- VI. Rn.sy Vll. Wbite, 
i»b wbite I wbite and , Holt, and 
and bard. I coiupact. ' mammilbirv. 



I 



C7.55 

82.97 

7.40 



42.17 

92.06 

Trace 



41. 72 

91.09 

4 32 



■| 



[VIII to XIV. C&ceres pbospbate, by Dr. C. U. Shepard, jr., and Dr. Warner.] 



Phospboric acid 

Equal bone pbospliate 
Sand 



I t*. • 

a?fc 



37.38 

81.60 

3.40 



Mi 



I es t) 

O 3) 



\<K 



3*2 

.'O 



32.06 


38.07 


29.09 


69.99 


83.11 


63.50 


22.97 : 


6.30 


2.70 



•a© 

00 -a 
m" 



39.07 

85.29 

9.19 



■ 


• 


08 


Stf « 


3 

• a 




Hts 


'^ OB'S 0; 


xg 

.a 




27.00 


36.18 


58.94 


78.98 


3.76 


Trace 



[XV. Cdceres pbospbate, by Bobierre and Eriedel. ] 

Insoluble siliceous matter 21. 05 

Water expelled at red heat 3.00 

Tribasic phosphate of linie 72. 10 

Loss, oxide of iron, etc 3.85 

100.00 
[XVI. Pbospbate from Montaucbez, by Bobierre and Friedel.) 

Tribasic phosphate of lime 85.03 

Carbonate of lime 10.35 

Water expelled at red heat 2.40 

Silica, oxide of iron, etc 2.22 

100. 00 

Phosphorites include, besides those deposits already mentioned under 
that heading, the minerals staffelite, epiphosphorite, pyrophosphorite, 
eupyrchroite, hydro-apatite, monite, monetite, and other forms, all of 
which occur either in scattered pockets, incrustations, and concretions, 
or as radiated, botryoidal, and subcrystalline masses. Some of them 
occur scattered through certain phosphorites and rock phosphates, and 
are mentioned in connection with those deposits. They are rarely of 
any commercial importance. 

Fibrous and concretionary phosphorites have been mined in small 
quantities at Amberg, Bavaria. 

Thin seams of soft, whitish phosphorite, called osteolite, occur at Ha- 
Xian, in Germany, but, as yet, the mineral has not been found there in 
^sufficient quantities to be of commercial value. 

ROCK PHOSPHATES. 

This class of phosphates includes, as already mentioned, those de- 
X>osits which, having no definite chemical composition and lackvoL^tb^^b 
liomogeneous nature and other fixed charactemWe.^ oi ^\?cv^fcm\»L^^*3^^ 
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cannot be classified with mineral phosphates. They may be treated as 
amorphous nodular phosphates, phosphatic limestone bedSj guanos, and 
hone beds. 

AMORPHOUS NODULAB PHOSPHATES. 

This subdivision comprises the phosphate dejwsits of Sonth Caro- 
lina, North Carolina, Alabama, Martha's Vineyard, some of the Florida 
deposits, the deposits of North Wales, England, Belgium, northern cen- 
tral and eastern France, and Eussia. They generally consist of calca- 
reous matter, more or less completely phosphatized, and occur either as 
loose nodules in a matrix of variable composition, or as a conglomer- 
ate in which the pebbles are phosphate of lime and the matrix is of a 
calcareous, phosphatic, siliceous, or ferruginous nature. They are the 
most important, commercially, of all the phosphate deposits. About 
600,000 to 700,000 tons are yearly mined, of which, in 1884, 437,000 tons 
came from South Carolina ajid the rest mostly from England, France, 
and Belgium. On the other hand, the total output of all the apatite 
mines in America and Europe in the best years has not exceeded 50,000 
tons. 

AMORPHOUS NODULAR PHOSPHATES OF SOUTH CAROLINA. 

The nature of the phosphate beds of South Carolina was recognized 
by Prof. 0. U. Shepard, sr., before 1860, but the nodules were not 
put to any practical use until, in 1867-'68, Protl F. S. Holmes and Drs. 
Pratt and St. Julien Ravenel, after showing by numerous analyses 
their richness in phosphate of lime, urged the formation of a company 
for mining these valuable deposits. Through the energy of Professor 
Holmes and Mr. C T. Lewis, of Philadelphia, the first company for 
mining phosphate in South Carolina was organized in 1868. It was 
known as the Charleston Phosphate Mining and Manufacturing Com- 
pany. Since that year no less than fifteen large mining establishments 
have been started in South Carolina, of which some of the more imi)or- 
tant are the Bradley, Pinckuey, and Bolton, in Berkeley County, and. 
the Coosaw and Oak Point properties, in Beaufort County. 

Nodular phosphatic deposits are found at intervals all along the At- 
lantic Coast of the United States, from Korth Carolina down to the 
southern extremity of Florida, but the richest beds occur in South Car- 
olina, in a strip of country running from Broad Eiver 60 miles along 
the coast in a northeast direction. The belt has a width of from ten 
to twenty miles. The phosphate does not occur continuously over this 
region, but in patches, sometimes having an area of many square miles 
and again only covering a few acres. In this whole area of more 
than nine hundred square miles, the hills rarely rise to a height of over 
ten to fifteen feet above high-water level, and the country is cut up into 
islands and peninsulas by the numerous tide-water inlets and creeks. 
The Tertiary deposits form a fringe along the Atlantic Coast and the 
Gulf of Mexico from JS^ew Jersey to Texas, but are best developed in the 
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central portion of this extensive belt. The Claiborne marls, the San tee 
buhrstones and limestones, and the shell sands of Alabama are tbe low 
est beds of this series. Beneath them lie the Pedee marls, which belong 
to the secondary formation and contain fossils resembling those from 
the Chalk of Europe. Immediately over this formation in South Caro- 
lina are the Eocene marls. These beds are very extensively developed 
in that State and are called by Mr. Euihn " The Great Carolina marl 
bed,'^ which is divided into three divisions, known, in an ascending 
order, as the Santee Eiver, Cooper River, and Ashley River beds. The 
whole formation is about seven hundred feet deep and contains 55 to 95 
per cent, of carbonate of lime. It is one of the most important marl beds 
in the world, on account of both its extent and its agricultural value. The 
upper part of the Ashley marl contains a great number of fossil shark 
teeth and cetacean bones, and has been called by Professor Tuomey 
"the fish bed of the Charleston basin." Overlying this *^fish bed" is 
a deposit of sands and clays of very irregular thickness and containing 
many shells. Tiie bed sometimes runs out altogether and at other 
times is several feet in thickness.^ It is directly overlaid by a bed con- 
taining many shark teeth and cetacean bones, as well as the remains of 
the mastodon, megatherium, elephant, deer, horse, cow, hog, muskrat, 
and other land animals. Besides these animal remains, the bed con- 
tains very numerous irregularly shaped nodules containing 25 to 70 per 
cent, of phosphate of lime. This is the bed that is worked for phos- 
phates (see Figs. 27, 28, and 29). Sometimes the underlying stratum 
has not existed or has been eroded and the nodule bed rests directlv on 
the Eocene marls. It is composed mostly of nodules, associated with a 
much smaller and very variable quantity of bones of land and sea ani- 
mals, buried in a matrix of a variable character. Sometimes they are 
in a bed of highly siliceous sand, containing many flat pebbles of white 
quartz; at other times the matrix consists of ordinary clay or of sand 
and clay mixed. A light blue or green clay is also often seen. 

The nodules are of very irregular shape and vary from the size of 
a pea to that of a mass weighing a ton or more. The larger masses, 
however, are often composed of a number of small nodules cemented 
together. With the nodules and the bones are associated numerous 
phospbatic casts of the interiors of shells, as well as masses, of rare oc- 
currence, which have the appearance of fossil dung (coprolites). The 
nodules, like those of England and of France, are all more or less 
waterworn and rounded and are much bored by marine animals. It 
is generally the harder varieties that are most bored and most irregular 
in shape. This may be due to the fact that, being hard, they preserve 
their original irregular shape and the marks of the boring animals better 
than the softer varieties. The nodules vary in hardness from 2 to 4 
Sbud have a specific gravity of 2.2 to 2.5.-^ When a fragment is rubbed, 

^F. S. Holmes: The Phospliate Kocks of South Carolina. 
2 Dr. C. U. Shepard, jr. : South Carolina l*l\o?^\v\ia\ie.^, 
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or, better, when two fragments are rubbed together, they give off an 
odor of decayed organic matter. They are marked by a complete ab- 
sence of crystalline structures, though in some rare cases, as in the 
Bull Eiver phosphate, a distinct concretionary structure is observable. 
The nodules generally contain casts of Eocene shells and, in some 
cases, marine bones and shark teeth. The bones of land animals, 
though mixed with the nodules, are never found embedded in them, 
showing that these bones were probably deposited after the formation 
of the nodules. 

The nodules are found on the bottoms of most of the rivers running 
through the phosphate district, having been washed out of their original 
beds. These river deposits in many cases have proved to be of great 
commercial value. The nodules are, as a rule, of a much darker color 
than those of the land and are often black. They are sometimes very 
siliceous, the separate grains of sand being plainly visible to the naked 
eye. These grains are due to the sand in the marl before it was phos- 
phatized. Such seems to have been the case with much of the Beau- 
fort Kiver phosphate. In some cases, however, the siliceous matter is 
probably due to the replacement of some of the carbonate or phosphate 
of lime in the original nodule by silica, and the result has been to make 
the nodule much harder. Such a silicifying action was probably due 
to the presence of soluble silicates in the river waters. In some 
places, as at the Bolton mine, the land nodules are also very siliceous, 
and possibly became so by having once formed thlB bottom of a river 
or a bay. 

At least eleven varieties of nodules, differing much in their physical 
character, and often in their chemical composition, may be distin- 
guished among the phosphates taken out of the South Carolina beds. 
These are: 

(1) A jet-black variety with a bright, shining, glossy toamel of the 
same color. It is very rare and generally occurs in small patches. It 
contains numerous fossils and shells. It is found in Parrot Greek 
(see map, PI. I). 

(2) A brown variety with a bright enamel of the same color. It is 
very rich and is found in considerable quantities at the Bradley mine 
and on the land of the Charleston Mining and Manufacturing Company. 

(3) A light-brown variety with little or no enamel. It bleaches white 
when exposed to the sun and is found on the land of the Bradley Com- 
pany, of the Charleston Mining and Manufacturing Company, and in 
many other localities. 

(4) A light, chalky variety containing many shells and generally 
poorer in quality than the varieties mentioned above. It is very widely 
distributed over the South Carolina phosphate region, and is simply 
marl which has not been so highly phosphatized as the harder and 
darker varieties. 
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(5) A dark grayish- black variety with little or no euamel. It is very 
siliceous and contains many shells. It is generally found in rivers, and 
is especially characteristic of the Stono Eiver district. 

(6) A gray variety composed of a mass of shells and transparent sili- 
ceous sand, cemented together by a phosphatic cement. Sometimes 
shark teeth are included in the mass. At times it is hard and compact, 
and at others it is loose, soft, and porous. Such varieties are found in 
large quantities in the Beaufort River. They are often mixed with a 
much better quality of nodule which raises the average phosphatic con- 
tents. 

(7) A dark-gray, phosphatic conglomerate, in which the pebbles are 
quartz and feldspar, varying from the size of a mustard seed to that of 
a buckshot. The matrix is a dark-gray, phosphatic marl. This variety 
is very rare in South C arolina, but is found in small quantities in the 
Bull River district. 

(8) Nodules having a black enamel and alight or dark gray interior. 
They contain many shell casts and are found in the Coosaw River and 
on the Edisto River at Fishburne's mine. 

(9) A variety consisting of a mass of concentrically laminated nodules 
cemented together with a matrix of marl containing many shells. This 
variety is rare and was found only in the Bull River. It is generally 
rich in phosphatic matter. 

(10) A ferruginous, rusty-brown variety, very siliceous and of poor 
quality. 

(11) Brown or black masses having the general appearance of fossil 
dung (coprolites) and probably of that nature. They^re hard and very 
rich in phosphate of lime. Real coprolites are of rare occurrence. 

Occasionally large, flat, non-concretionary masses are found, which 
are highly phosphatized on the upper side, while toward the lower side 
the mass grows poorer and poorer in phosphates, until it differs but 
little in composition from the underlying marl. In such cases the phos- 
phatized part of the rock is of a darker color than the other part. 
The upper side is also much smoother and harder than the lower side, 
which is often very jagged and is sometimes almost as soft as the under- 
lying marl. This formation shows that in some cases at least the phos- 
phatization has gone from above downward. Such a process is also 
proved by the fact that the marl immediately underlying the phosphate 
bed contains sometimes 20 to 30 per cent, of phosphate of lime,^ while 
this quantity decreases with the depth until, at a few inches below the 
nodule bed, it contains only 10 to 20 per cent. According to Professor 
Holmes, the marl is much richer in phosphate of lime in those places 
where it is overlaid by nodules than where no nodules are found. 

Some of the varieties of nodules have been found to grow i)oorer in 
phosphoric acid as the center of the mass is approached. This is espe- 

^Pr, C. U. Sbepard, jr. : South Carolina Phosphatei). 
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daily true of those nodules whicli are coated witli au eu^mel it beiug 
inranably the case th<it tbe hard eoamel like crust is much nclier than 
the soft and less compact iiit«nor lu this iteculianty the South Caro 
Una Qodales resemble maoy of those of England and the other phos 
phate localities in Europe The phenomenon is dwelt on as one of the 
strongest argameuts for the theory originated b^ 1 rofessor Holmes, 
that the nodules have been formed by the phosphatization of Inmps of 




marl. It may, however, be mentioned that a similar condition of tbe 
nodule could be produced by the action of waters containing carbonic 
acid, which would tend to leach out the carbonate and leave the less 
soluble phosphate of lime. Of course this action would be more pro- 
nounced on the exterior than in the interior of the nodule, and con- 
sequently the result would be a mass mnch richer iu phosphate of lime 
on the outside than iu the inside. 




The nodule bed varies in thickness from a few inches to about two 
feet and a half, the average being about seven to nine inches. It is only 
when the nodules are found in a pocket or depression in the underlying 
marl that the thickness reaches much overtwo feet, and even under such 
circumstances such a thickness is of very rare occurrence. The yield 
of phosphate per acre varies, not only with the thickness, but also with 
the compactness of the nodular stratnm, as sometimes the nodules are 
packed as close as cobblestones in a road, while at others they are scat- 
tered loosely in the sand or clay matrix. The average yield of clean, di7 
phosphate is three hundred to twelve hundred tons per acre. The phos- 
phate bed is thought by professor Holmes t^beof Post-Flioccnea^ In 
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some places it crops ont oo the surface aod at others is found at a muoh 
greater depth. Under the city of Charleston it is found at a depth of 
over sixty feet.' Where the bed does uot appear on the surface it 
is covered hy alluvial deposits, consisting of clay, sand, or marl, or of 
strata of all three. Occasionally there is a stratum of highly ferrugi- 
nous sand or gravel, Bometimes indurated into a regular '■hard-pau," 
directly overlying the phosphate bed and from one to ten inches 'thicli 
(Figs. 27, 28, and 29). Sometimes this ferruginous substance has pen- 
etrated the whole bed to a depth of several inches and cemented the 
apper nodules into a solid mass ; while the lower part of the bed is 
much looser and more easily mined. Again the sand overlying and 
intermixed with the nodules has sometimes been cemented together, 
especially in river bottoms, by the action of soluble silicates. Such has 
been the case with the phosphate in parts of the Stono Elver, Here the 
nodnles have in some places been completely permeated by silica and 
form a solid floor on the river bottom. 




no. ?a. Soetlon 



0.3 ; C, phoa- 



The following sections by Dr. C. tJ. Shepard, jr., show the general 
mode of occurrence of the superficial beds of phosphate : 
A. Land deposits: 
I. Soil and subeoil. A few inches to a foot in deptli. 
II. A light-oolored, ailiceoia ctay, iron Hta[ned in places, and containing mnoh fine, 
transparent sand, and minute scales of silvery wica, with little calcareonB 
matter, one foot or more in thickness, 

III. (Wanting In tbe toore snperSoial beds.) A blue, argillaceous marl, probably al- 

tered marsh nind. It does not adhere to the f ongiie or give an argillaceons 
odor. Fragments of recent sbells occur in this deposit. Its depth is about 
two feet. 

IV. A Mn layer ofeoarae tand, one to three inches in depth. 

V. The phoppliate nodules in oithei a loose, siliceous or a tenaccons, bluish orrichbulf- 
colortKl, argillaceous marl, frequently accompanied wilhabnodant fossil bones 
and teeth. The upper nodnlca are often harder, the lower sofler, and atsome 
land localities exhibit a gradual trausition, by loss of cohesion and decrease 
of phogphatic contents into 
VI. A marl, highly phosphatic toward the rook-bed, and containing occasionally 
30 to 30 percent, of phosphates, but at the depth of a few inches containing 
only 10 to 30 per cent, of those ci 
~ iDr,C, U, Shepard, jr. 
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VII. Argillaceous or arenaceous marls^ containing 7 to 10 per cent, of phosphates. 

B. River deposits : 

Beneath the river deposits occur either — 
I. A gray marl, sometimes in nodules resembling phosphate, with 5 per cent, of 

phosphates, underlaid by 
II. A white, hard marl inclosing phosphate grains and containing 3 lo 5 per cent, of 

. phosphates (Wando River) ; or 
I. A green sand with some clay and rich in black phosphatic grains, occurring with 
the phosphatic rock and beneath it, containing 15 per cent, of phosphates. 
II. Soft and hard marls several feet in thickness, and containing 10 to 15 per cent. 

of phosphates (Stono River) ; or 
I. Hard marls. Poor in phosphates (i to 1 per cent.) unless their tops be coated 
with phosphate rock (Coosaw River). ^ 

It is diflScult to calculate the yield of river nodales per acre, as the 
currents have heaped them up in some places and carried them away 
from others. 

As will be seen from the accompanying map by Dr. C. U. Shepard, jr. 
(PI. I), there are three principal localities in the phosphate region where 
active mining operations are now carried on. It is not, however, all 
over these areas, but only in certain parts of them, that the nodales 
are found. Kor are they the only places in South Carolina where phos- 
phates occur, but they are the districts where they are found at a depth 
beneath the superficial deposits not too great to permit profitable min- 
ing,* The first of these regions lies north and east of Charleston and 
stretches from the Wando Elver and the eastern branch of the Cooper 
Elver on the northeast to Eantowles Creek and Stono Elver on the 
southwest. In this area are some of the largest phosphate diggings in 
South Carolina, including as it does the Bradley, Charleston Mining and 
Manufacturing, the Magnolia, Bolton, and Black and Williams's mines. 
There also are the river deposits in the Wando, Stono, and Cooper Eivers. 
Large quantities of small nodules of excellent quality have been obtained 
from the bed of the upper part of the Wando Eiver. Phosphate of good 
quality has also been gotten from the bed of Stono Eiver, but the de- 
posit forms in some places such a solid floor on the river bottom that 
mining operations at the present low price of phosphate would be un- 
profitable. Mainly on account of their inaccessibility the deposits in 
the eastern branch of the Cooper have not been much worked. 

The second of the three principal phosphate districts is due west of 
the locality last described and extends from the Edisto Eiver on the 
east to Horseshoe Creek on the west, including the river deposits in 
these two streams. The phosphate found in this region is of excellent 
quality, but does not occur in a continuous bed or at a constant depth. 
Consequently it can be profitably mined in few places. It occurs largely 
in pockets and patches on the underlying bed. 

The third locality where phosphate exists at a conveniently accessible 
depth extends with intervals from the Bull to the Broad Eivers, and 

^Dr. C. U. Shepard, jr. : South Carolina Phosphates. 
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inclades not only the deposits in these rivers, bat also the deposits in 
the Coosaw and Beanfort Sivers and those on Ghisholm's Island. This 
area is essentially a river mining district, thoagh phosphate of good 
quality is mined on parts of Ghisholm's Island by the Pacific Gnano 
Company and by Messrs. Wiley and Gordon, Nod ales of excellent 
quality are obtained from the bottoms of the Bull and Coosaw Bivers^ 
but those of Beaufort Biver are generally very siliceous, the separate 
grains of sand being plainly visible to the naked eye. 

Outside of the localities mentioned above, phosphatic nodules have 
also been obtained from the uppef part of Hospa Creek and from the 
Coosawhatchie Eiver (see map, PI. I). Besides the bed of phosphatic 
nodules already described, other beds have been found in boring arte- 
sian wells in Charleston and the neighborhood which are at a much 
greater depth and are of a similar nature. Dr. C. U. Shepard, jr., in 
speaking of these borings, says : 

The Bamples thns collected have been carefully examined and analyzed, the most 
imi>ortant contribution to onr knowledge being the discovery of the existence of sev- 
eral deeper layers of phosphate rock, occurring at the depth of 300 feet from the sur- 
face, and, in the form of isolated pebbles, to a much greater distance. These lower 
deposits are probably not thicker than a few inches, and consequently they lack all 
hut scientific interest. 

The phosphate of South Carolina is obtained from the land and from 
the river bottoms. The mining on the land is done in open trenches. 
The area to be mined has to be ditched in order to drain it before min- 
ing operations can be begun. Sometimes it is necessary to build em- 
bankments, to prevent the diggings from being flooded in stormy 
weather. At the Bolton mine, on Stono Eiver, high tides sometimes rise 
two feet above the level of the land. Drainage is, in some mines, hast- 
ened by the use of steam pumps. It does not usually pay, unless the 
phosphate is of extraordinary quality, to remove more than eight or nine 
feet of overlying earth. The Pacific Guano Company, however, has 
lately introduced the use of a steam excavator to dig the nodules, and 
it is supposed that work can be profitably carried on at a greater depth 
with this machine than with pick and shovel. 

The phosphate is carried on cars, generally drawn by an engine, from 
the mines to the washers. Here it is broken by machinery into coarse 
fragments not larger than about five inches in diameter, and then passed 
into the washers, where it is freed from the adhering sand and clay. 
Several different kinds of washers are used. The most common one is 
a long trough, in which revolves a shaft armed with a projection in the 
form of a broken helix. The trough is inclined at a small angle. The 
nodules are passed from the breakers to the lower end of the trough 
and are forced up the inclined plane by the revolving shaft against a 
strong stream of water. Sometimes the phosphate is washed in a re- 
volving cylinder perforated with holes and supplied on the inside with 
spiral flanges of steel. A stream of water is thrown into the cylinder 
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through an iron pipe. After passing through the washers the nodules 
fall on an iron screen, which separates the large masses from the smaller 
pieces. Sometimes two or three screens having different-sized meshes 
are used. The small-sized product is of lower grade than the large, as 
it is mixed with numerous siliceous pebbles which have gone through 
the screen with it. 

The next step is to dry the nodules. This is done either by burning 
them with wood in large sheds, which sometimes hold several thousand 
tons, or by passing hot air through the mass. Sometimes the nodules 
are treated with fire and hot air combined. In this way they are freed 
from the 12 to 18 per cent, of moisture which they contained after be- 
ing washed and are ready for shipment. On cooling, the nodules ab- 
sorb about 1 per cent, of moisture, and such is their porosity that they 
can be made to absorb 5 to 15 per cent, of water.^ The drying of the 
nodules takes 35 to 40 cords of wood for 1,000 tons of nodules, and the 
process lasts thirty-six to forty hours. The drying and burning of the 
phosphate not only save the freight on the water whieh it originally 
contained, but also make it better fitted for manufacturing purposes. 

The nodules in the river bottoms are now obtained by dredging 
boats, though, a few years ago, large quantities were obtained by ne- 
gro divers and with oyster tongs. The dredging scoops have to be 
very strongly built in order to break through the nodular stratum. 
The boats are held in position at the four corners by what are called 
" spuds." These are strong square poles with iron points. They are 
dropped into the water before dredging is begun, and go through the 
nodule stratum SLjxd down into the bed below, thus affording a firm sup- 
port to the boat. The nodules are thrown from the scoop into the 
washer, which is on a lighter alongside the dredging boat. The washer, 
in some cases, is the same as those used by the land-mining companies; 
but often it consists of a truncated cone, with perforated sides, revolv- 
ing on a horizontal axis. It is supplied on the inside with steel spirals^ 
arranged around the side like the grooves in a rifle. Into both ends of 
the cone heavy streams of water flow. The nodules are dumped by the 
dredge into the small end of the cone and come out at the large end. 
They are then removed by a derrick to another lighter and towed to 
shore. 

Besides the ordinary dredging machine, several other contrivances 
are used for raising phosphate from river bottoms. The owners of 
the Sea Island Chemical Works, instead of using the ordinary dredg- 
ing scoop, have a contrivance consisting of six large claws which open 
when they descend, and close, forming a kind of bucket, when they rise. 
It is said that one of the machines which this company owns can 
dredge in 50 to 60 feet of water, while the ordinary dredging boat can- 
not raise the phosphate in over 20 feet of water. Another dredge has 
been lately introduced by Mr. Brotherhood and is known as the Broth- 

' Dr. C. 17. Shepard, jr.: Soutti CwoWuft ?\vosf\«>*w, lt«0. 
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erhood dredge. It consists of a revolving chain of thirty-tWO backets, 
and is very similar to the dredge ased to deepen the channel of the 
St. Lawrence Bivier some years ago. 

The deposits of Sonth Garolina, though of low grade compared with 
some others, are now more generally nsed than any other known phos- 
phate. The ontput of the mines, which is yearly increasing, is shipped 
to the North, South, and East by sea and to the West by rail. This 
popularity is due, not only to the cheapness of the phosphate ($5 to $6 
per ton in 1886), but to the many good qualities of the low-grade acid 
phosphate made from it. The fact that the nodule bed extends, at an 
accessible depth, over many miles of country, the easy approach for large 
vessels up to the very mines, the abundance of water, fuel, and labor, and 
a climate that permits mining operations to be carried on throughout 
the whole year, all combine to make the South Carolina phosphates the 
cheapest and consequently the most productive source of supply of 
this materiaL 

The mode of formation of the South Carolina nodules has been a mat- 
ter of considerable dispute. Professor Holmes thinks that the surface 
of the Eocene marl was worn, by the action of boring animals and of 
erosion, into numerous lumps and balls. These, with bones of sea ani- 
mals, were washed upon the seashore and, as the coastline began to rise, 
were collected into salt-water lagoons and swamps. Numerous quad- 
rupeds came to lick the salt, and deposited their faeces and often died 
here. Hence the presence of bones of laud and sea animals in the phos- 
phate beds. The phosphoric acid in the faeces and carcasses of these 
animals phosphatized the lumps of marl and thus formed the phosphatic 
nodules. 

Prof. N. S. Shaler thinks that the nodules, in some cases, have been 
formed by concretionary and segregating action at the bottom of 
swamps. Many facts, such as the frequent occurrence of phosphatic 
•nodules in patches, and often in concave basins, as in Eussia, as well 
as their association with peaty beds, as in North Carolina, seem, in 
many cases, to strongly favor this theory. Phosphatic nodules have 
also been found at the bottom of beds of limonite in the Ohio Valley. 
Professor Shaler thinks that the nodules were scattered sparingly in 
the deposit in which they were formed and that they were concentrated 
in their present position by the erosion of the original bed.^ 

Analyses of South Carolina rock phosphates^ hy Dr. C, U, Shepard, jr., in South Carolina 

Phosphates, Charleston, 1880. 

An average of several hundred analyses gave : 

Per cent. 
Phosphoric acid .* 25 to 28 

Equivalent to bone phosphate of lime 55 to 61 

Carbonic acid 2.5 to 5 

Kqniyalent to carbonate of lime 5 to 11 



' Proc. Boston Soc. Nat. Hist., ttoI. 1^, l^^'^nQ^^.S^St, 
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Perot 



Bnlpbnric aoid 0.5 to 3 

Lime '. 35,0 to 42 

MagoeBia Trace to 8 

Alomina Trace to 2 

Sesqniozide of iron : 1.0 to I 

FInorine 1,0 to 2 

Sand and silica fl.O tol2 

Organic matter and combined water 2.0 to 6 

HoiBtnro 0,6 to 4 

Table of attalsitt <rf Simlh Carolina roek phosphates by Dr. €. U. Shepardjr. 
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Analysianf Soutk Carolina Tociphoipliale from Oak Fobit3line,bji Dr. C. I 



BhiparA,jr. 

58.66 

6.90^ 



AHolgHt ofpho^haUe tioduletfrom, Sulow mine, properly of Williom L. Bradley, bg B. A. 
F. Penrose, jr. 

Bone phosphate of lime 62.039 

Carbonate of lime 6.914 

Organic matter and noiBtnre 5.106 

AMOIiPBOUS KODDLAR PHOSPHATES OP NORTH CAHOUNA. 

Deposits of phosphate of lime have been known to exist in the flat 
couDtry Dear the coast of IfortbCaroIma for eeveral years, bnt notmnch 
attention was paid to them until 1884, when, under the direction of Dr. 
Dabuey, of the agricultnral station of that State, they were thoroaghly 
examined. The result seemed to show that the phosphates were either 
too scanty in quantity or too poor in quality to be of much commercial 
importance. They are found in the southeastern part of ITorth Caro> 
lina, and principally in the counties of Sampson, Dnpliu, Pender, Oos- 
lowj Columbus, and Kew Hanover. 
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The deposits are of two kinds : (1) Beds of nodules, resembling very 
much the South Carolina beds and (2) a conglomerate in which the 
pebbles are phosphate and the matrix a white calcareous rock. 

(1) The beds of nodules overlie the Eocene marl and consist of numer- 
ous phosphatic nodules, shark teeth and bones, associated in a sandy 
matrix or in a shell marl. Generally, the bed immediately overlies a 
stratum of shell marl and is occasionally overlaid by a similar stratum. 
Sometimes the underlying bed is replaced by a deposit of a pale- green, 
indurated sand, containing shark teeth and other bones. The two fol- 
lowing sections will show the mode of occurrence of these phosphates : 

1. Soil, sand or clay, 5 to 10 feet. 

2. SheU marl, 5 to 10 feet. 

3. Bed bearlpg phosphate nodules, 1 to 3 feet. 

4. Sea-green, sandy marl, 2 to 4 feet. 

5. Ferruginoas hard pan, 6 to 12 inches. 

6. Interstratified lignites and same sands as in 4. 

The above section was obtained in a canal on the land of Mr. !N. Dan- 
iel, Sampson County. Fragments of lignite are sometimes associated 
with the nodules. 

Section 2, from the beds on J. W. Best's farm, Duplin County. 

1. Sandy soil, 1 to 10 feet. 

2. Nodule bed, 1 to 2 feet. 

3. Shell marl. 

The nodules are of a lead-gray color and vary from lumps the size of 
a man's fist to masses weighing several hundred pounds. The average 
size is larger than that of the South Carolina nodules. They vary in 
composition from the close, compact, and homogeneous masses found in 
some places in Onslow County, to the coarse-grained and highly siliceous 
rock of Sampson and Duplin Counties. The latter variety contains 
considerable quantities of sand, which can be distinguished with the 
naked eye, and occasionally siliceous pebbles the size of a chestnut. In 
fact, the nodules are often a phosphatic sandstone, in which the grains 
of sand are cemented by phosphatic matter. Occasionally they are 
found containing numerous Tertiary shells. Many shells are also found 
mixed with the nodules in the sandy matrix, and they preserve their 
most delicate outlines in a state of great perfection, while the nodules 
are much rolled and rounded. These facts would seem to show that the 
shells were brought into their present position by the animals that once 
inhabited them after the bed of nodules had been formed. A similar 
condition has been observed in the English beds of phosphate nodules. 
The N'orth Carolina nodules are much bored by moliusks and in every 
respect resemble those from the Eussian Cretaceous formation. 

The nodules all tend toward flat shapes, in which they differ from 
those of South Carolina, which have no definite form. One specimen 
found measured 18 inches long 12 wide and 2 thick. This flat character 
would seem to favor the idea that the nodules were formed by the phos- 
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pbatization of the sarface of a bed of sandy marl. Tlie phosphate, 
having a tendency to segregate^ formed in some places richer than in 
others. Then, when the bed was exposed to erosion, only the parts 
which were strongly enough cemented together survived. Often, around 
the siliceous pebbles in a nodule, concentric bands of phosphate of lime 
may be observed, showing its strong tendency to form in segregations. 

These deposits have not as yet been put to any commercial use. 
They are of a low grade, averaging only about 45 per cent, phosphate 
of lime, and occur only in small patches of from one to twelve acres. 

(2) The second variety of phosphate deposits found in North Carolina 
belongs to the class of phosphatic conglomerates. They are found in !N"ew 
Hanover and Pender Counties and consist of a mass of Tertiary shark 
teeth, bones, nodules, and quartz pebbles, all well rolled and rounded 
and cemented together, along with grains of greensand, in a calcareous 
matrix. At Castle Hayne, New Hanover County, they occur in a bed 
sometimes over six feet deep. The largest pebbles and nodules are 
nearest the top of the formation and never exceed the size of a horse- 
chestnut. They grow smaller with the depth, and at six feet they are 
not larger than an apple seed. The character of the whole mass of the 
deposit also varies very much with the depth. The top of the bed is a 
hard and solid rock, but at two feet it begins to get softer, and at three 
to four feet the conglomerate bed is simply a mass of loose, calcareous 
marl containing pebbles. The section below, from near Castle Hayne, 
N. C, will show the nature of this bed. 

1. V^'^hite sand to 3 feet. 

2. Brown to red, ferruginouB, sandy clay or clayey sand, 1 to 3 feet. 

3. Green clay, 6 to 12 inches. 

4. Dark-brown, indurated peat, 3 to 12 inches. 

5. White, calcareous marl, to 2 feet. 

6. White shell rock, to 14 inches. 

7. Phosphatic conglomerate rock, 1 to 3 feet. 

8. Gray marl containing smaller nodules than the overlying bed, 2^ to 4^ feet. 

9. Light colored, calcareous marl, containing nodules which are smaUer than those 
in the overlying beds and which grow fewer and smaller at a depth. Many sheUs^ 

The line between the shell rock (6) and the conglomerate bed (7) is 
very sharply drawn. There are occasionally a few nodules found in the 
shell rock near the line of contact, which may have been derived firom 
the conglomerate. The surfaces of all the beds are very uneven, espe- 
cially that of the calcareous marl in the above section, which occurs only 
in patches on top of the shell rock (Fig. 30). 

Near Wilmington, N. C, the following section was obtained : 

1. Sandy soil, 2 feet. 

2. Greensand bearing a few phosphatic nodules about the size of a pea, 4 feet. 

3. Gray marl, 6 feet. 

4. Limestone rock bearing a variable amount of nodules, of the same size as near 
Castle Hayne. 

The nodules in 4 sometimes make up as much as three-fourths of 
the contents of the bed; at others they occur scatteringly through the 
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rock, aad occasionally are not foand at all. They are kidney and egg 
shaped and generally mach less bored and irregular tban the Sonth 
Carolina nodules. They vary from gray to greenish black iu color and 
have a specific gravity of 2.6 to 2.7. 




Pio. 30. Str»ta oTBrljing the phoiphate bed at Castle Hayne, New Hanover Cpnotj-, North C»roHn». 
A, und! B, ferniBinoQB, Bandy clayi C, green clay; D, Indnrsted peatj E, caloareons mwli F, 
white ihell n>ek{ G, phoepfaate conglomecBtfii H, marl conutlnlns Bmnlter uodulea. Scale :1 Incbs 



Two companies have been formed to grind this conglomerate rock 
and sell it for local use. The whole mass does not contain more than 
10 to 20 per cent. phospha,te of lime, but it is said to have been success- 
fully used as a fertilizer. The separate nodules are very variable in 
compositioD. 



[I to XI. Fram nelgbborhiHidofWarBa«,DaplinCnnntyO 





I. J n. 


in. 


IV. 


V. 


71. 


VII. 




3, SI 

45. IS 

20.10 


1.S7 

28.02 
2.M 
S7.18 


1.08 

U.Ofl 
4.18 


1.79 

5.01 


1.73 
3.12 


Loe 

64. 8B 


0.03 
37.38 

20.39 


toaUin sand aod towluble 






Equivalent to phoaphorlo 






VIIL 


IX. 


X. 


XI. 




0.68 
30. M 

53,03 
24.29 


0.38 

38.58 

45.78 
20. OT 








45.02 
4.58 
3B.88 


44.73 
2.30 
89.33 
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Table of analyses of North Carolina rock phosphates etc, — Continned. 
[XTT to XVI. From neighborhood of N. A. Faison's, Duplin County.] 



Moisture 

Sand and insoluble mattei* 

Carbonate of lime 

Bone phosphate 

Equivalent to phosphoric acid 



XU. White 
compact. 



2 07 

1.49 

12.00 

71.82 

32.90 



Xni. Gray 

compact. 



2.50 

0.05 

8.98 

76.82 

35.19 



XIV. White 
gritty. 


XV. 

Gray. 


XVL Com- 
mon black. 


0.77 


2.70 


a81 


32.79 


0.64 


4&91 


1.45 


7.07 


5.84 


7.42 


76.54 


36.02 


3.40 


35.06 


16.50 



(I to XV. Kodules from Sampson County, N. C] 





I. 


n. 

47.41 

5.27 

38.31 


III. 

70.78 

4.20 

20.24 


IV. 


V. 

1.58 

9.55 

69.55 


VI. 


vn. 


VI IT. 


Sand and insoluble 

Carbonate of lime 

Bone nhosDhate 


47.18 

5.91 

28.09 


54.96 

3.91 

32.05 


51.76 

4.52 

32.53 


32.16 

8.91 

50.73 


44.99 

5.25 

37.70 






IX. 


X. 


XI. 


XU. 


XIII. 


XTV. 


XV. 


Sand and insoluble 


36.04 

4.71 

44.82 


52.53 

5.68 

32.22 


49.34 

4.66 

33.62 


29.41 

5.68 

38.09 


51.93 

6.43 

29.93 


50.42 

].b6 

35.52 


53.43 

6.43 

29.47 


Carbonate of lime 


Bone phosphate 





[I to II. Kodules from Pender County, N. C] 



• 


I. 


U. 


Saiid and insoluble matter .->...................... 


61.96 

4.82 

21.02 


24.77 
16.55 
47.50 


Carbonate of lime - 


Bone phosphate ....... 





[I. Kodules from phosphatic conglomerate from Kew Hanover County, K. C] 

Sand 43.86 

Carbonate of lime 34.56 

Magnesia ^ 0.86 

Potash 0.39 

Oxide of iron and alumina 0.56 

Phosphate of lime 10.99 

Sulphuric acid Traoe 

Clilorine Trace 



100.02 



[II to VIII. Nodules from phosphatic conglomerate from New Hanover County, K. C] 





11. 


III. 


IV. 


V. 


VI. 


VII. 


vxrr. 


Sand and insoluble matter 

Carbonate of lime 


22.07 

42.12 

20.50 

9.39 


33.52 
20.45 
33.97 
15.57 


30.90 
14.16 


18.50 
39.04 
25.34 
11.61 


20.02 
42.12 
22.68 
10.30 


3.25 
51.34 
31.59 
14.67 


31.66 
15.94 
42.09 
19.28 


Phosphate of lime 


Equivalent to phosphoric acid . 
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Tuble of analyses of North Carolina rock phosphates etc. — pontinued. 
[I to IV. Phosphatic conglomerate of New Hanover County, N. C] 



Sand and insoluble matter 

Carbonate of lime 

Phosphate of lime 

Equivalent to phosphoric acid 



1. 


U. 


111. 


IV. 


20.28 

57.29 

11.81 

5.41 


24 96 
54.71 
16.42 


42.08 
10.12 
26.64 
12.57 


35.48 

51.81 

6.40 

2.83 



fL Phosphate conglomerate from New Hanover County, N. C] 

Carbonate of lime 64.26 

Phosphate of lime 11. 16 

Eqaivalent to phosphoric acid, 5.11. 

Magnesia 0.81 

Potash : 0.40 

Salphates and chlorides Trace 

Sand, soluble silica, oxide of iron, alamina, etc., undetermined 23. 37 



100. 00 



AMORPHOUS NODULAR PHOSPHATES OF ALABAMA. 



The phosphate deposits of Alabama belong to the Cretaceous forma- 
tion and are found in two parallel belts running across the State. The 
following very general section, in an ascending order, will show their 
positions : 

(1) Entaw group. 

(2) Phosphate stratum. 

(3) Botten limestone formation. 

(4) Phosphate stratum. 
(.5) Ripley group. 

The Cretaceous formation of Alabama probably corresponds to the 
Upper Chalk of Europe, which also, in some places, contains beds of 
phosphatic nodules. It runs from the western part of Georgia in a 
WNW. direction through Alabama into Mississippi, where it takes an 
abrupt curve to the north. . After passing through the western and north- 
ern part of Mississippi it enters Tennessee and runs through that State 
almost to the Kentucky boundary line. The phosphate deposits, it is 
said, can be traced along a considerable length of this formation, but, 
as far as has yet been discovered, it is only in Alabama, and there only 
in a few places, that the deposits are of considerable extent. In that 
State the Cretaceous strata dip gently to the south, and as a result of 
this dip the nodule bed, at the base of the Eotten Limestone, is found at 
ten to twenty miles north of the one at the summit of that formation. 

The general character of the two deposits is very much the same. 
They are composed of shells, phosphatic nodules, shell casts, and fossils, 
all much worn, broken, and rounded, and buried in a matrix of a soft, 
white or gray limestone. The nodules are generally flat in their gen- 
eral shape and chestnut brown in color, and average, in size, from one- 
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•half an inch to three inches in diameter. They are very irregular in 
form and occasionally show one side which is completely phosphatized 
and another which is composed largely of carbonate of lime. This is 
strong evidence for the theory of their formation by the phosphatiza- 
tion of the surface of a calcareous bed, as mentioned in the case of the 
Korth Carolina deposits. The fossils of the two beds differ considera- 
bly. Ammonites are very plentiful in both, but Hippurites and Bacu- 
lites were found in much larger quantities in the lower bed than in the 
upper one. The following two sections will show the different relations 
of the two beds : 
(a) Upper bed (at Coatopa) : 

1. Qreeosand containiDg nodules and shell casts, but numerous only at the base, 
4 feet. 

2. Soft, calcareous rock containing nodules, 1 foot to 1^ feet. 

3. Botten limestone. 

(6) Lower bed (at Hamburg) : 

1. Greensand bearing some casts and nodules, to 5 feet. 

2. Gray limestone containing many nodules, 5 feet. 

3. Hard, indurated sand ledge, containing shells, 8 to 12 inches. 
4. 'YeUow sand containing shells, 2 feet. 

5. Ferruginous sand containing specks of mica, about SO feet, 

6. Indurated sand ledge coutaiuiog shells 8 to 12 inches. 

7. Yellow sand containing shells, 2 feet. 

8. Greensand. 

The section of the upper bed is well seen at the town of Coatopa, in 
Sumter County. The Greensand here is often oxidized and has a rusty- 
red appearance; it composes a large part of the surface soil in the 
neighborhood and forms part of the so-called " Black Belt,'' famous 
for its fertility. It contains many phosphatic shell casts, but is gener- 
ally richest in them near the line of contact with the underlying bed, 
where they sometimes make up 50 per cent, of the whole mass. Occa- 
sionally they cover the whole surface of the ground and must be carted 
away in order to permit agricultural operations. The underlying bed 
contains many more nodules and shell casts than the Greensand. 
Sometimes it is almost a solid mass of them with a soft, gray, calcareous 
matrix. The bed is from 1 foot to IJ feet thick aad seems to underlie 
a large extent of country. In some places the nodules and fossils are 
more scattered in the bed than in others, and in still other places the 
bed has been entirely eroded away and the Greensand comes into 
direct contact with the Eotten Limestone. Very few bones were found 
in this upper bed. 

Outcrops of this same nodule bed can be seen near the TombigbeQ 
Eiver, at Moscow, and also at Livingston, on the Sucarnochee River, 
In the underlying Eotten Limestone there are no phosphatic nodules. 

The section of the lower nodule bed is seen at numerous places all 
across the State. Thus it is found at Eutaw, Selma, Greenboroaghy 
Prattville, Wetumpka, and especially well at Hamburg, near Marion. 
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In this last place the surface is largely composed of greensand, though, 
in some places, this is washed off, exposing the phosphate-bearing bed. 
Where the ground has been much eroded and cut into gullies, it is cov- 
ered by a solid sheet of nodules, phosphatlzed shell casts, fossils, fer- 
ruginous concretions, and unaltered shells. There is a much larger per 
cent, of the brown nodules here than in the upper nodule bed.; but as 
in that bed, so here, the nodules are very few compared with the fossils 
and shell casts. The indurated ledge represented in the section seems 
to have the same general composition as the sand that underlies it, but 
to be in a hardened condition. 

The phosphate deposits of Alabama are more difficult to mine than 
the South Carolina phosphates and cannot be shipped as cheaply. Con- 
sequently they have not as yet been put to any practical use. But they 
have been found in sufficient quantities in several places to become of 
considerable local importance. Among other places, they are found 
in considerable quantities on the laud of Mr. J. P. Wiatt, near Coatopa^ 
and of Mr. Spencer and Messrs. Davis, near Hamburg. 

Tahle of analyses of amorphous nodular phosphates of Alabama. 
[Northern belt, (a) The nodales and phosphatic casts of fossils from Spencer's field, Hamburg, Ala.] 



Nodule 

Pho8];>hatize(l shell 

Surface nodules 

Surface nodules 

Surface nodules, sample 1 

I>ound 

Nodules from near Selma . 
Nodules from near Selma . 
Nodules from near Selma . 
Nodules from near Selma . 



Phosphoric 
acid. 


Bone phos- 
phate 


22.00 


48.00 


19.80 


43.16 


38.00 


82.84 


35.5 


77.39 


25.66 


55.88 


26.1 


56.90 


25.8 


56.24 


36.0 


78.48 


38.0 


82.84 



W. I. Herzberg, University of Ala- 
bama. 

Do. 
John Daniel, University of Alabama. 

Do. 

Charles Gibson, Chicago. 

John Daniel, University of Alabama. 

Do. 

Do. 

Do. 



[ (h) Matrix of the nodules from Spencer's field, Hamburg, Ala.] 





Phosphoric 
acid. 


Bone phos- 
phate. 

11.16 

9.16 

10.14 

17.44 

4.80 

7.85 


Analyist. 


ICatrix of nodules 


5.12 

1.2 

4.65 

a 00 

2.2 

3.6 


E. M. Hanls, University of Alabama. 
John Daniel, University of Alabama. 
L. L. Dean, University of Alabama. 

Do. 
Charles Gibson, Chicago. 

Do. 


Idatriz of nodules 


Matrix of nodules 


Matrix of nodules. 


Blue matrix of nodules 

White matrix of nodules . . . 
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Table ofanalifses of amorphous nodular phosphates of Alahama-^Continued. 
[II. Southern belt. (Bulletin No. 5 of the department of agrioalture of Alabama.}] 



Nodulos from near Livingstone 

Nodules from near Livingstone 

Shell casts and nodules from near Coatopa 
Shell casta from Moscow 



Insoluble 
matter. 



8.48 
15.02 

9.38 
25.52 



Phosphorio 
acid. 



1.10 

.64 

14.56 

L55 



Bone phos- 
phate. 



2.40 

1.39 

31.78 

3.3b 



AMORPHOUS NODULAR PHOSPHATES OF MARTHA'S VINEYARD. 

The phosphates of Martha's Vineyard occur as black or dark-gray 
nodules, varying from one-fourth of an inch to four inches in diameter, 
in two beds of Greensand. The beds are of Tertiary age and are well 
seen in the clififs at Gay Head. They are each 18 to 24 inches thick 
and dip at an almost vertical angle. They are associated with beds of 
lignite, clay, and sand. The nodules are mixed with numerous bones 
of cetaceans, crustacean remains, and other fossils. The more southerly 
of the two beds contains 5 to 15 per cent, of nodules and bones, while 
the bed to the north contains in some places almost no nodules, and 
in others as much as 25 per cent, of them. The nodules have a water- 
worn appearance and have been much bored by marine moUusks. 
They give off a smell of decayed organic matter when two fragments 
are rubbed together, and have a hardness of about 3. 

This deposit has not yet been put to any practical use. The nodules 
are probably too scattered in the bed and too exi)ensive to mine to al- 
low them to be of any commercial value.^ 

AMORPHOUS NODULAR PHOSPHATES OP FLORIDA. 

Phosphate deposits have been found in various places in Florida, 
but as far as is yet known they are either of too small extent or of too 
poor quality to pay for mining. The only deposit which covers more 
than a few acres is found in Alachua County, near the central part of 
the State. The phosphate found here belongs to the subdivision of 
phosphatic conglomerates. The rock consists of small pebbles, from 
the size of a mustard seed to that of a pea, closely i)acked in a matrix 
of indurated calcareous marl. The pebbles are very compact, have a 
small conchoidal fracture and sometimes an enamel-like luster. Thej 
are creamy white to chestnut brown in color and are associated with 

1 It seems to me certain that these beds containing nodules were deposited in the 
delta of a largo river and that the nodules, together with the greater pait of the fos- 
sils with which they are intermingled, were derived from pre-existing strata in essen- 
tially the same manner as those which occur in the estuaries of the rivers near 
Charleston, S. C. 

For a further description of these deposits see a report on the island of Martha's 
Vineyard, now in press, to appear in the Seventh Annual Report of the U. S. Geologi- 
cal Survey.— N. S. S. 
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worD aad roaaded boue» and sbells. Profr C. U. SUepard, sr., tbinks 
that many of the pebbles ma; be the worn casts of marine shells, while 
BOme of tbem seem to be fragtueats of coral. This conglomerate occurs 
in massea weighing from one to twenty pounds. The largest massyet 
found was IS inches long, 14 wide, and 4 thick. The pebbles occur in a 
bed covering about ten acres and are associated with pieces of a porous 
limestone rock, very common in the region. The bed varies from a 
fraction of a foot to Ave feet in thickness. Sometimes it crops out at the 
Burface, and at others it is found at a depth of four or more feet. At 
Gainesville, a town 19 miles west of this bed, a similar rock is said to 
have been fonnd, in boring an artesian well, at a depth of 248 feet. 

The masses of rock are not nodules, but seem to be simply broken 
fragments. Tbey are much weathered and rounded and are buried in 
sand. 

In some places the pebbles, rounded bones, and coral fragments occur 
loose in a calcareous matrix, as if weathered out of the original con- 
glomerate. Samples of pebbles from this loose material are said by 
one of the owners of this place (Dr. Simmons) to average So per cent, 
phosphate of time, while the whole mass of the rock, as analyzed by 
0.17. Shepard, jr., averages about 48 per cent. 



Iio. SI, Seotlon In qnajrj et Eotkv Hill, on Lnchluoas Uieolt, near Magnesia Springs, AUihuft 
County. Fla. A. aaudy tail'. B. cjLlcaroouft noduIeR. vlilte. brown, ujd pnrple, embeildod in Bund; 
C, apongj, (NLlunoQa tocV. Ulendin); at b depth of 3 tn 4 feet lata aphosphallc rock. Scnio: 1 iDcb= 
Sftet. 

On the northwest side of this bed runs a stream known as Loch- 
loosa Creek, beyond which is a ridge rising sixty to seventy-five feet 
above the creek, and called Rocky Ilill. The hill is overlaid almost 
entirely by a deposit of calcareous stnnes and pebbles, embedded iu 
sand, which sometimes entirely runs out, and agniu reaches n depth of 
over six feet. Below is a soft, porous, calcareous rock, which is of a 
apongy consistency and hardens on exposure to air. It is quarried for 
building the chimneys and foundations of houses. In one of the quar- 
ries examined this formation gradually blended, !it a depth of tbreo to 
foorfeet, into a massive and compact phosphate rouk, which is similar 
ia appearance- to the phospbatic fragments in the bed described above, 
except that it is in a solid mass, and is probably the ledge whence the 
f^gmeuta were derived. The surface of the spongy, calcareous rock is 
very uneven and has been much eroded {Fig. 31). It seems asif Eocky 
Hill, wben submerged, was much worn before the pebbles and the sand 
were deposited on top of it. 
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AMORPHOUS NODULAK PHOSPHATE DEPOSITS Of NORTH WALES. 

The rock phosphate deposits of North Wales belong to *be Caradoc 
and Bain group of the Oambro- Silurian or Lower SilnriaD formation. 
They immediately oreilie the Bala limestone beds and are overlaid by 
fossiliferoQS shales, sometitnes more or less calcareous. They belong 
to the class of rock phosphates, or phosphates having no definite chem- 
ical composition, and are remarkable as being, geologically, the oldest 
of the commercially important phosphate beds which still preserve the 
remains of organic life. 

The phosphate bed has been traced by Mr. D. C. Davies from the 
town of Llanfyllin to the hills north and west of Dinas Mowddwy.' Mr. 
Davies has calculated that the area already known to contain this bed 
amounts to almost 110 sqaare miles, and he thinks it will probably be 
found wherever the Bala limestone occurs. 



y 





As will be seen from the sections (Figs. 32 and 33], the formation m 
which the phosphate bed occurs has been much twisted and contorted. 
In fact, the phosphate bed, wherever found, is in an almost vertical po- 
sition. It varies from ten to fifteen inches in thickness and consists of a 
mass of black nodules, varyiug from the size of an egg to that of a co- 
coanut, "closely packed together aud even running into ea«h other." 
The nodules are cemented into a solid mass by a black matrix, and the 
whole mass gives an average of 46 per cent, phosphate of lime, while 
the separate nodules sometimes contain 64 per cent. The bed cootains 
considerable graphite, which gives the black color to both the nodnles 
and the matrix and oftau gives the former a polished and glossy ap- 

" 'Geol. Mag., vol. 2, Loudun, 1B75, p. 183. 
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pearance. There are nameroas remains of animal life in the bed, but 
the whole deposit has been so affticteil by chemiciil action tli<it, though 
the traces of organic forms are left, it is often very difficult to distin- 
guish tliem. Still Davies' lias recognized the remains of Modiola, 
AvicuU^ecten, Orthoceraa, Orlhis, Lingula, and trilobites, besides traces 
of many other species 




M. H. Johnson,' who has made numerous sections of tbe !N^orth Wales 
nodules, has fouud that many of tliem contain a species of sponge. He 
has also found in the nodules fragments of mollusk and crustacean 
shells, with bodies lookiog like Coscinopora. From these observations 
he ooDClndes that the nodules are of organic strncture. It seems more 
likely, however, that the nodules resulted from the phosphatization of 
a calcareous bed, which may have contained the organic remains dis- 
covered by Mr. Johnson in the iiodules. Uavies thinks the bed repre* 
seats the remains of an old Lamiuariau zone and that it originated by 
tbe phosphatization of calcareous matter by the phosphates from animal 
matter and seaweed. 

The nodules have been so affected by heat and chemical action that 
tbey often are fonnd blending and running into each other. They some- 
times blend gradually with the matrix, the whole bed assuming a shaly 
structure, so that it is often impossible to draw a distinct line of divis- 
ion. The mass of the stratum is sometimes found to have a very sim- 
ilar composition over large areas; but where the underlying bed be- 
comes more arenaceous the nodules become much poorer in phosphate 
and richer in siliceous matter.^ Thus, at Green Faik, the bed averages 
only 20 per cent, phosphate of lime. Tbe phosphate stratum, in some 
places, contains numerous concretions and crystals of sulphide of iron, 
which rust on exposure to the atmosphere, thus changing the color of 
the bed from black to brown. The phosphate of lime is itself often 
replaced by these sulphides. Such is tbe case in many parts of the 
western outcrop of the bed, especially on tbe flanks of Mount Aran 

' G«ol. Hag., vol. 4, Londoii, lrs6T, pp. 251-253. 
■Ibid., vol. 2, D. B., 1875, p. 233. 

*Ttais ia a strong orgDineDt for the theory of the formation of the noduIeH by tb6 
ptaoephatization of the Dnderlfiog bed. 
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Mowddwy, Sacb large quantities of sulphides and graphite as are 
found in this phosphate bed, according to Davies, seem to show the 
former presence of vegetable life. 

An examination of the analyses given farther on will show that there 
is little or no carbonate of lime in these phosphates. Davies, in speak- 
ing of this fact, says :^ 

Schmidt foaud in the inner side of the moath of Unio and Anodonta no less than 
15 percent, of phosphate of lime, 3 per cent, of carbonate of lime, and 82 per cent, of 
organic matter, from ^hich the inference -was drawn that the phosphate was sepa- 
rated from the blood by this organ for the.pnrpose of cell formation. ^ The doctor adds : 
*' It seems probable that the carbonate is converted, in the animal, into phosphate by 
the phosphorus it contains.'' Here, perhaps, we have a clew to the missing carbonate. 
The great preponderance of phosphatio organisms, with which the period covered by 
the deposit commenced, gradually absorbed and secreted all carbonate of lime, 
w^Jether held in solution in the water or redissolved from the shells of dead mol- 
lusks ; and so, turning it into phosphate, grew and multiplied exceedingly, and be* 
came at last almost sole masters of the position by this a]1propriation, until the snp- 
ply of carbonate of lime became insufficient for their sustenance, as the mineral con- 
ditions came on under which the overlying shales were deposited. 

It seems possible, however, that the absence of carbonate of lime in 
the Wales phosphate is due to its having been leached out during the 
process of partial metamorphosis to which the bed has been exposed, 
as the effect of metamorphosis is often to segregate from the rock which 
is being acted on the minerals of which it is composed. 

The phosphate bed is often separatQd into two or three smaller beds 
by thin bands of the underlying limestone. It is always found, how- 
ever, that when the upper one or two beds, as the case may be, run into 
the overlying shale they always run out and the lowest bed is always 
the continuous one. 

The bed immediately underlyin g the phosphate bed is a pure lime- 
stone, often covered on the surface with small brachiopods and other 
fossils. It has an average thickness of 6 inches and contains 15 to 20 
per cent, phosphate of lime. Like the phosphate bed, it is very con- 
tinuous and the two are always found together. It is underlaid by a 
large series of interstratified shales and more or less fossiliferous lime- 
stones. This formation, known as the Bala limestone, gradually runs 
into the underlying ash beds. 

The phosphate bed is overlaid by a series of fossiliferous shales. 
Those immediately over it have all been phosphatized to a greater or less 
extent, and the more the phosphatization has gone on the more com- 
pletely have all traces of organic life been obliterated. In the overly- 
ing shale at Cwmgwynen, Davies found remains of Uchinosphcerites 
halticuSj CaryocystiteSj and other echinoderms, Lingulw^ Modiolce^ Theea 

' Quart. Jour. Geol. Soc. London^ 1875, vol. 31, pp. 364. 

s Unio and Anodonta^ as well as all other species of the suborder to which they 
belong, are fresh-water forms, while the beds under consideration are certainly of 
marine origin. It is most likely that the phosphate matter came from brachiopods 
and trilobites. — N. S. S. 
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Forbesiij Cycloceras artmatumj C. Sonax^ Orthocerata^ Illcenua Bavisii^ 
and other forms. 

The phosphate bed of North Wales was discovered by a miner in 1863, 
in a ravine near Cwmgwynen, 6 miles from the town of Llanfyllin. 
At first the nature and value of the bed were unknown, but finally a 
specimen was sent to Dr. A. Yolcker, who analyzed it and made known 
its importance. Several mines have since been started at Cwmgwynen, 
Penygarnedd, Berwyn, Llanfyllin, and other places, but none of them 
has been successful and at present no Welsh phosphate is mined. 
The reasons for this want of success were the distance of the mines from 
any railroad or navigable river, the low i>ercentage of phosphoric acid 
(see analyses), and the depressed state of the phosphate market. More- 
over, the bed is expensive to work, as regular mining operations are 
necessary to win the phosphate; it also often contains considerable 
iron, which causes superphosphate made from it to have a sticky con- 
sistency. 

Analyaes of North Wales rooJc phosphates, 

fl and n. Analyses of two speoimons from Cwmgwynen, by V51cker (Qaart. Jour. Crool. Soc. Lon- 
don, 1875).] 

I. II. 

Phosphate of lime 64.16 48.50 

« There was no oarhonate of lime, some flaoride of calcium, alnmina, and oxide of 
iron. 

'' The darker-colored contained more graphite and were richer in phosphate of 
lime than the lighter-colored specimens." 

im. Analyses of nodnle from Berwyn mine, North Wales, by D. H. Biohards (ibid., vol. 81, pp 

364, 365).] 

Moisture and organic matter 4.200 

Sand •. 22.600 

Tribasic phosphate of lime 64.165 

Oxide ofiron and alumina 6.890 

Other constituents not determined 2.145 

100. 000 
Another analysis of a similar nodule gave 61. 44 per cent. phoRphate of lime. 

IIV and V. Analyses of Berwyn mine phosphate, North "Wales, by F. C. Hills and Co. (ibid., p. 865). J 

IV. V. 

Lioss on hurning 6.77 3.06 

Phosphoric acid (1) 22.54 20.92 

Lime 31.08 30.13 

Oxide of iron and carbonic acid 19.12 22.88 

Insoluble matters 20.49 23.01 

Total 100.00 100.00 

(1) Equal to tribasic phosphate of lime 49.207 45.67 

Five other analyses of the bulk of the deposit, made by Messrs. Hills, gave an aver- 
age of 46.85 per cent, phosphate of lime. There was also in all the samples about 
one-half per cent, of copper. Analyse^ of phosphate from near Llanfyllin, North 
Wales, gave Messrs. Hills '' a range of from 20 to 30 per cent, of phosphf^te of Umet'^ 
{(^nait, Jox\i. Geol. Soc. London, J.875, vol. 31, p. 365.) 
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[YI and VII. Analyses of two samples from northwest of Dinaa Mowddwy and Llan-y-Howddwy. 

North Wales, by Hills (Quart. Jonr. Geol. Soc. London, 1875).] 

VI. vn. 

Phosphate of lime 2.90 1.72 

Sulphur 34.38 34.20 

The rest was made up of sand, iron, and alumina. 

[Vm. Analysis of North Wales phosphatic limestone, by VSlcker (Eep. Brit, Assoc. Ad vanaSd., 

1865, p. 38).] 

TrJbasic phosphate of lime 34.92 

Oxide of iron 2.34 

Alumina 6.52 

Carhonate of lime 20.75 

Carbonate of magnesia 5.92 

IMlagnesia, in a state of silicate 2.07 

Iron pyrites 2.79 

Sulphuric acid 0.16 

Insoluble siliceous matter 20.95 

Organic matter and loss , 3.58 

100.00 
[IX. Analysis of phosphatic black shale, by Volcker (ibid., p. 38).] 

Organic matter and loss 3.98 

Lime 37.16 

Phosphoric acid 29.67 

Equal to tribasio phosphate of lime, 64. 16. 

]M[agnesia 0.14 

Oxide of iron 1.07 

Alumina 5.84 

Matter insoluble in dilute hydrochloric acid 22. 14 

100. 00 
[X. Analysis of phosphatic black shale, by V51cker (ibid., p. 30).] 

Tribasic phosphate of lime 52.15 

Lime, present as fluoride of calcium and as silicate 4.23 

]M[agnesia 0.32 

Alumina 7.71 

Oxide of iron 2.01 

Sulphuric acid 0.26 

Iron pyrites 7.52 

Insoluble siliceous matter 22.44 

Organic matter and loss 3.36 

100.00 

AMORPHOUS NODULAR PHOSPHATE DEPOSITS OP ENGLAND. 

Phosphates are found in England, both in the Cretaceous and Ter- 
tiary formations. The Cretaceous phosphates are the most important, 
in both quantity and quality. They occur in two different parts of the 
Lower Cretaceous, namely, in the Upper and in the Lower Greensand. 

Phosphatic beds of Cretaceous Upjper Greensand. — The outcrop of the 
Upper Greensand formation in England begins in the north at Flam- 
borough Head, in Yorkshire, and runs west and southwest for about 
twenty miles, when it turns abruptly to the southeast and extends con- 
tinuously in that direction to within three miles of the north coast of the 
"VV^shj where it becomes covered with alluvium. It appears again Oft 
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the south shore of the Wash at St. Edmands and raas south by south- 
west to Dowoham Market. Here it becomes covered with alluvium 
and does not appear again for about twenty-three miles, when it crops 
out three miles below Cambridge, on the Gam. From Cambridge it 
runs in a southwesterly direction through the counties of Cambridge, 
Bedford, Buckingham, Oxford, Berks, Wilts, and Dorset, and reaches 
the southern coast at Lyme Eegis and Sidmouth. On the southern 
coast of Dorsetshire there are numerous outcrops of Upper Oreensand, 
as well as on the Isle of Wight. In the southeast of England there 
is also a very considerable Greensand outcrop. It commences near 
Beachy Head, in Sussex, and runs west by a little north to Petersfield, 
in the east of Hampshire. Here it turns abruptly to the north and runs 
in this direction to Alton and Farnbam, in Hampshire and Surrey, re- 
spectively. Thence it takes another abrupt turn to the east, and runs 
in a general easterly direction until it comes to the coast again, at Folke- 
stone in Kent. 

The Lower Greensand is not so continuous as the upper, but it oc« 
GUI'S at intervals along most of the outcrops mentioned above, and in 
Sussex and Kent it is the uninterrupted accompaniment of the Upper 
Greensand. In Yorkshire it runs from Flamborough Head west for about 
fifteen miles. It crops out again with the Upper Greensand about three 
miles south of Barton and runs continuously to Burgh. Again it crops 
out near Cambridge, and extends thence to Buzzard in Bedford. From 
there on, in a southwest direction, it occurs in small outcrops along the 
line of the Upper Greensand In the Isle of Wight there are large 
outcrops of it. This same Greensand belt can be traced across the 
English Channel to the Continent. In the Brunswick and Hartz dis- 
tricts, at Goslar, Schoeppenstedt, and Salzgitter, the same nodules and 
shell casts are found as in the Lower Greensand in Cambridgeshire and 
Bedfordshire. But, though the belt is thus seen to have a very wide 
extent, the conditions which are necessary for the profitable working 
of a phosphate deposit are so many and so rarely satisfied that the phos- 
phatic beds have been mined in very few places throughout this many 
hundred miles of outcrop. On the Continent the bed has been worked 
to no considerable extent. 

The relative positions of the Upper and Lower Greensand formations 
is best shown by a section. The following one is given by Messrs. 
Paine and Way.^ 

The Cretaceous formation of England is divided into the Chalk and 
the Greensand. These again are subdivided as follows : 

( 1. Soft, white chalk with flints. 
Chalk < 2. Hard, white chalk with few or no flints* 

f 3. Chalk marl. 

1. Upper Greensand and firestone rock. 
^ , 12. Gaulty or blue marl. 

ureenBana..^^ < 3 Lower Greensand, made of iron sand and 

occasional limestone beds. 



1 Jour. Boyal Agric. Soc, vol. 9, 1848. 
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The first two beds of the chalk are very poor in phosphoric acid, 
rarely containing over twelveone-hundredths of 1 per cent., but the 
underlying marl is much richer and sometimes contains almost 2 per 
cent, of phosphoric acid. The marl is of a grayish color and contains 
sx>eck8 of Greensand, which become more and more numerous until the 
marl gradually merges into the underlying Greensand bed containing 
the phosphatic nodules. The passage from the Upper Greensand to the 
Gault is often very abrupt, especially in Cambridgeshire and Bedford- 
shire, where the nodule bed often lies on the eroded surface of the 
Gault. The Lower Cretaceous deposits of Cambridgeshire and Bed- 
fordshire differ from those of the south and west of England in the 
fact that the former lack that great thickness of Upper Greensand which 
exists in the southern counties. At the same time the lower beds of 
the Chalk are the same in both areas. In Hampshire and Dorsetshire 
there is a thin stratum, similar to the Cambridge nodule beds, which, 
like it, passes up gradually into the Chalk marl. But the diiference is 
that in the case of the southern counties the arenaceous deposit, which 
sometimes reaches the thickness of many feet, comes between the phos- 
phate bed and the Gault, while in the case of the Cambridge and Bed- 
ford deposits the nodule bed, which rarely exceeds one foot in thickness, 
rests immediately on the Gault. Concerning the absence of this arena- 
ceous deposit in Cambridgeshire, Mr. O. Fisher^ says: "It is probably 
due to the ridge of old rocks beneath the London area, which shut oft' 
the early Cretaceous sea, to the north of it, from those southwestern 
lands which yielded the sandy spoils." He also suspects a similar cause 
to have ''produced the marked change between the Lower Cretaceous 
rocks in Cambridgeshire and the corresponding beds in Norfolk and 
Lincolnshire.'^ Mr. Seeley* thinks that this increased thickness of 
Greensand to the south and southwest is due partly to the shelving of 
the sea bottom towards the south and partly to a current piling it up 
in the hollow, but principally because the southern area was nearer to 
the old plutonic rocks, whence, he thinks, the necessary Ingredients of 
the Greensand came. 

The principal phosphate diggings have been in the Upper Greensand 
of Cambridgeshire and Bedfordshire. The nodules in this deposit are 
buried in the Greensand, which varies from one inch to a foot in thick- 
ness and which is all that is left in these districts to represent the im- 
mense thickness of Greensand in the southern counties. In fact, it is a 
matter of serious doubt with some geologists whether the two deposits 
really represent one and the same geologic horizon. 

The matrix of the nodules is not pure Greensand, but is composed 
partly of siliceous and calcareous matter and partly of glauconitic and 
phosphatic grains. The siliceous matter consists mostly of colored 

1 Quart. Jour. Geol. Soc. London, vol. 29, 1873, p. 62. 
8 Geol. Mag., vol. 3, London, 1866. 
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qaartZ) obsidian, aud grit. Tiie calcareous matter is composed mostly of 
sponge-spicales, spines and plates of echinoderms, minate shells, polyzoa, 
bivalve entomostraca, microscopic corals, foraminifers, and calcareous 
concretions.^ There are also in the bed " lumps of Chalk marP which 
have fewer green grains in them than the matrix in which they are em- 
bedded." From this and other facts Mr. Fisher concludes that these 
phosphate beds seem to have been washed out of a calcareous marl, 
similar in character to the marl which lies above it. In short, he con- 
tinues, the nodule bed is a condensation of the " Chalk marl with glau- 
conite grains.'' On the other hand, Mr. Sollas thinks that the nodule 
bed has been derived from the destruction of the underlying Gault. The 
Gault contains nodules and fossils, but not nearly so many as the over- 
lying bed. Mr. Fisher urges against this hypothesis that the nodules 
of the Gault are smaller and of a lighter color than those of the nodule 
bed proper. Though the nodules are of a lighter color on the surface, 
the interior is of a color very similar to that of the Greensand nodules. 
Mr. Sollas shows that by the action of hydrochloric acid the Greensand 
nodules assume this same color on the surface, and consequently it is 
possible that the Gault noilules may have been acted on by water, acidu- 
lated by some acid or acid salt, percolating through the bed, and thus 
had their surfaces bleached. 

The phosphatic part of the nodule bed consists of shell casts, fossils, 
and nodules. There are numerous species of Rhdbdospongia^ Bonneyia^ 
Acanthophoraj Polycantha, RetiSj and Ifylospongia, besides many other 
Cretaceous forms. The nodules and casts are of a black or dark-brown 
color and have a very variable specific gravity and hardness. 

Many of them are worn, broken, and rounded, showing them to be 
clearly derivative masses, while others are perfect in shape and show 
no signs of having been removed from their original bed.' The deriv- 
ative fossils and nodules are covered with FUcatulce, and the smooth, 
broken surfaces of many of them, which are coated in this way, show, 
as Mr. Fisher thinks, that they must have been phosphatized before 
being deposited in their present bed, and he thinks that the phos- 
phate was concentrated from a carbonic acid solution by animal mat- 
ter. Besides the shell casts and fossils, there are two distinct vari- 
eties of nodules proper. The first is a reddish-brown and utterly 
shapeless variety. It is very soft when freshly dug, never becoming 
harder than ordinary chalk.* It has a very light specific gravity and 
is invariably rich in phosphoric acid.^ A second variety is much more 
plentiful than the last. It consists of a dark-brown mass of a very 
variable shape. It is hard and heavy. It varies from pieces of micro- 

» W. J. Sollas : Quart. Jour. Geol. Soc. London, vol. 28, 1872, p. 398. 

«0. Fisher: ibid., vol. 29, 1873, p. 53. 

« O.Fisher: ibid. 

< Paine and Way: Jour. Royal Agric. Soc, 1848. 

^ See analyses. 
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scopic smallness to masses weipfbing four pounds. It occurs adhering 
to the surfaces of Syphonce, corals, and shells, and appears to have once 
been in a plastic state. This substance has been called by Dr. G. A* 
Mantell ^ *' molUiskite," and he considers it the remains of the soft parts 
of mollusks. In describing it he says : 

This sabstanco is of a dark-brown or black color, and occurs either in sliapeless 
masses, wbicb are irregularly distributed among the shells and other organic remains, 
in sandstone, limestone, etc., or as casts of shells, or occupying their cavities. * " * 
Upon analysis this substance is found to contain a large i>roportion of animal carbon. 
The rocks of flrestone at Southbourne, on the Sussex coast, are mottled with brown 
molluskite and hard amorphous concretions, consisting of carbon aud phosphate of 
lime, mixed with sand and other extraneous matter. Casts of shells of the genera 
Venus and Area, etc., entirely composed of the same kind of materials, are also 
abundant in those rocks. » » * The gelatinous bodies of the TrigoniOB, Ostrew, 
BostellaricB, Terehratulce, etc., detached from their shells, may have been intermingled 
with the drifted wood in a sand-bank; while in some instances the animal matter 
would remain in the shells, be converted into molluskite, and retain the form of the 
original. 

Both Mr. Fisher' and Mr. Sollas.* who have spent considerable time 
in studying the nodule bed of the Upper Greensand, concur in the 
belief that the nodules are not of either concretionary or coprolitic ori- 
gin, but are composed of phosphatized animal matter. In this belief 
they agree with the theory of Dr. Mantell in its most important point. 

Many of the nodules are traversed by shrinkage cracks and wrinkles 
and have a peculiar granulated surface like that of leather. Mr. O. 
Fisher says : 

On the whole a microscopical examination of these bodies rather recalls me, sofari 
to my original opinion that they were sponges, while at the same time it must be 
admitted that in their external appearance they much resemble Alcyonaria, 

It is often found that the nodules are richer in their exterior part than 
in the interior. Thus Professor Way found the following results in an- 
al^'zing different parts of a spongoid body : ^ 

Exterior i 32.27 per cent, phosphate of lime. 
(61.71 percent, carbonate of lime. 

Intermediate ^ 13.87 per cent, phosphate of lime. 

( 67. 14 per cent, carbonate of lime 

Inter* r J 10.26 per cent, phosphate of lime. 
( 67. 17 per cent, carbonate of lime. 

Such results have been found to hold true with many other phosphates 
and show, beyond a doubt, that the phosphatization went on from the 
outside towards the interior. As regards the internal structure of 
some of these nodules, Mr. Sollas says:* 

Thin sections examined under the microscope vary from colorless to yellowish 
brown when transparent, but sometimes they are almost opaque from included earthy 

* Medals of Creation, vol. 1, p. 432. 

* Quart. Jour. Geol. Soc, vol. 29, London^ 1873. 
' Jour. Roy. Agric. Soc, 1848. 

< Quart. Jour. Geol. Soc, vol. 29, London, 1873. 
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matter. Granular patches of a deep-red color are sometimes scattered throaghont 
the lighter-colored portions. Spicules occur in many sections, presenting some of 
the most characteristic forms of sponge-spicules ; as, for example, hexaradiate, triradi- 
ate, hamate, sinuate, and connecting forms. These spicules are frequently grouped 
together in a manner which seems to indicate that they cannot have been washed in 
from the seabed during fossilization. Globular bodies ^W ii^ch in diameter are nu- 
merous ; they seem to be gemmnlos. Polycistina and Xanthidia occur in some sections. 
With polarized light the sections appear distinctly cryptocrystalline, presenting an 
appearance yery nearly resembling that of chalk flints when examined iu the same 
way. A very curious phenomenon may be alluded to here. A number of small circles 
may be seen in some sections, each of which is marked by a black cross, the arms of 
which radiate from the center to the circumference. On turning the analyzer the cross 
revolves and, when the analyzer has been turned round 90^, is replaced by a comple- 
mentarily illuminated cross. The explanation of these appearances seems to be as 
follows: Small Glohigerina shells and other similar spaces occur iu the nodules, into 
which the crystalline apatite, which was diffused throughout the fossil, has pene- 
trated and crystallized inwards from their walls to their centers, thus forming a 
radiating mass of crystals. It is well known that crystals arranged in this way will 
produce the phenomena described. 

Mr. Sollas^ thinks that many of the nodules of the Upper Greensand 
are phosphatized sponges. Others he considers to be '^phosphatized 
animal matter decomposed so far as to have lost all traces of its orig- 
inal structure before mineralization." He found fish scales and bones 
in many of these nodules, and therefore concludes that the animal mat- 
ter was sometimes derived from small fish. He does not seem to take 
into consideration that the scales and bones may have been buried in 
a matrix of calcareous matter, and that this substance, whether it was 
marl or limestone, may have been phosphatized, thus forming phos- 
phatic masses, which, of course, would contain the same fossils as the 
original calcareous substance from which they were formed. 

The phosphate bed of the Upper Greensand varies considerably, not 
only in the quantity of phosphatic nodules, but also in the chemical 
composition of the individual nodules. It is often found that two places 
may be equally rich in the quantity of nodules, while the content of 
phosphoric acid in them may be widely differeiit. 

All through the counties of Dorset, Somerset, Wilts, and Devon the 
nodules are very much more siliceous and less abundant than the nod- 
ules of Cambridgeshire and Bedfordshire.^ Besides the variability in 
the phosphatic richness of the bed, it is also sometimes very variable in 
its mode of occurrence. At times it will cover many square miles con- 
tinuously, while at others it occurs iu pockets in the surface of the 
Gault. At other times, according to Mr. Fisher, the bed shows signs 
of contortion, as indicated in Fig. 34. It will be seen, by examining the 
analyses given beyond, that the Greensand matrix of the phosphatic 
nodules varies also very much in its content of phosphoric acid. The 

i Quart. Jour. Geol. Soc, vol. 28, 1872, p. 39d. 
^L. Jenyns: Geol. Mag., London, 1866* 
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amoant \'aries from 2 to 10 per cent., and is probably due to small 
grains of pbosphatic matter in it. 




Phospkatic beds of Cretaceous Lower Oreensand. — These beds occur be- 
tween tlie Coral Rag formation at tbe base and the Gault on the top. 
Tbeir position witli regard to these formation a will be best seen in Fig. 
35, section at Upware, Cambridgeshire.' The Coral Rag is a coralliDe 
rocli varying much in texture, sometimes loose and porons, and at others 
compact and oolitic or arenaceous. Upon this tbe Kitnmeridge Clays 
rest, probably conformably.* But at some places, as at Upware, the 
Kimmendge Cliy has been washed off the Coral Rag, which, in such 
caaes, often comes into direct contact with the o\erlyiog nodule bed. 
Sometimes, as a result of this destruction, there is a deposii. of frag- 
ments of Coral Rag and Kimmeridge Clay immediate!) overlying the 
Coral Rag formation 



r W KeepiDg A Gaalt and pboaphatia nodule 
uneridgeClayimd Coral Rag DJnnDUonbed. 



beds B cU; sand and nodols buds r E mi 

Next in an ascending series comes the "lower phosphate bed.'' 
Mr. Keeping constdeis this as the first definite bed of the Upware 
Neocomian It consists ot a mass, indiscriminately mixed together, 
of phosphatic nodules and shell casts, fossils, pebbles of quartz, flint, 
Lydiau stone, and jasper, besides occasionally a fragment of Coral Bag, 
They are all more or less rounded and worn, though some of them still 
preserve their angular shape. The stones and nodules vary ttota one- 

■ Tbe Foaaile and Palasontologtcal Afflnities of the Neocomiau Deposita of Upware 
and Brickhill, Ijy Walter Keeping, p. 4. 

'Ibid., p. 3. 

(564) 



t>HOSPHATES OF EXGLA.!ft>. 



91 



Hizteenth to aa inch in diameter aad are embetlJed iu a sandy matrix. 
Very often the mass has been cemented together by calcareous mat- 
ter, forming iiregnlar patches of conglomerate There also ocuur in 
this bed many delicate aad beaatifnl shells of mollasca, vhich are not 
at all worn, bat preserre their most delicate parts intact. LamelH- 
branchs and gasteropods are nomeroas. 

Abore this bed comes a bed of sand composed largely of groins of 
ironstone, qnartz, chert, and Lydian stone. Near the overlying and 
underlying beds there are irregular masses of slightly pbosphatio sand- 



Kext above this sand bed comes the "npper phosphate bed." It 
resembles the "lower phosphate bed" in most respects, except that its 
nodnles are of a lighter color, and the bed is not cemented by carbon- 
ate of lime, so that it has nowhere been indurated into a conglomerate. 
The siliceons pebbles are the same. 

Overlying this is another bed of sand very similar to the lower 
sand bed. 

Above this comes a clay bed. ft has been referre<1 to the Ganlt, bat 
Messrs. Keeping and Bonney think that it is probably tbe represent- 
ative of a bed of sandy clay belonging to the Lower Oreensand. This 
is thonght more likely, becaase phospliatic nodule beils, especially in the 
Cretaceous formation, usually occupy the lines of chronological breaks. 

The overlying bed is another bed of pbosphatio uodiiles. It con- ' 
tains many fossils and is very similar to the two nodule beds already 
described. This bed is overlaid by the Ganlt formation. 




Fia. 3t. SeoUon at Sand;. Bedrordghire, Engluid, aner J. F. Walker. A, aud , B, oxide ct Iron 
C, coDgiamerate ; D, sand. 

Sometimes the three phosphate beds mentioned above scoiii to com- 
bine into one (Fig 36). Sometiracs, also, the lower bed is not cemented, 
but is loose and sandy, just like the upper beds. The following sections 
will show the variations in the upper Keocotuiun deposits : 

Section iy W. Ereping and E. B. TaivHei/. at Spliineij Abbtg. 

Ft, In. 

{I, Brown snrface earth I Q 
2, Head of blue cla; 9 
3. IrregiUar graveltf zone, the pebhiea being mostly flints aad coprolitus, 
abont 3 
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Ft. In. 
f 4. Blue, yellow, and coarsely mottled plastic clay, with scattered coarse 

qaartz and other sand grains and numerous sandy coucretlons ...«...« 2 

5. The ''silt bed/' a chocolate-brown and yellowish sand, passing into a 
sandy clay, which is rather coarse, loodo, and like an ordinary shore 
sand. It consists principally of quartz and iron grains. This bed 
passes gradually into bed 4 2 

6. The '* upper coprolite seam,'' a pebble bed of phosphatic nodules, Lyd- 
B^ ian stone, chert, quartz, aud other pebbles as big as beans packed in 

loose, iron-colored sand. Some irony concretions occur in its upper 
part, where it passes into bed 3 2 

7. The "lower coprolite seam," a thin band where the coprolites are 
darker and better than in the upper seam. The sandy matrix is - 
hardened almost to a rock by carbonate of lime, which was probably 
derived from the underlyinij bed (a) 3 

A calcareous grit of coralline age. It is a hard, gritty, bedded lime- 
stone, gray colored, with scattered large oolitic grains; no fossils 
seen 

In the last section the nodules are darkest near the base. The phos- 
phatic and siliceous pebbles are in about equal quantities. Silicified 
wood, ferruginous concretions, and hard lumps of clay are numerous. 
The nodules contain more alumina than those of the Upper Greensaud 
(Walker). 

The nodules proper of the phosphate beds are of a very variable 
character, in which respect they resemble the nodules of Forth and 
South Carolina. Tbey vary in size from pieces no larger than a grain 
of sand to masses weighing 3 or 4 pounds. They give off an organic 
smell when rubbed, have a cubic fracture, and vary from yellow to 
chocolate brown in color. Their hardness is 3 to 4. The darker nodules 
are near the bottom of the bed; though, in most cases, the color depends 
on the substance originally phosphatized (Keeping). The nodules some- 
times are of a perfectly homogeneous and opal-like nature. From this 
they go through all stages of sandiness, till they are simply nodules of 
phosphatic sandstone. Keeping, in describing them, says: 

There are certain curious branching, interlacing, undulating, or simply straight- 
crossing structures forming little gutters over the surface of the nodule, and canals 
penetrating into its substance. * * >* Some of these are mere shrinkage cracks 
and others are the marks of where " episites, " such as Serpulce and Folyzoa^ have been 
attached to the inner surface of the original shell ; others again are probably the 
work of boring creatures, especially sponges, but the great variety and many pecul- 
iarities of type that occur aud their constant association with phosphatic nodales 
are facts not sufficiently explained by the accumulated work of all the Above-men* 
tioned agents. ^ 

These nodules are not so rich in phosphate of lime as those of the 
tipper Greensand; they average 40 to 50 per cent. (Volcker), while 
those above the Gault average 50 to 60 per cent., phosphate of lime 
(Way). (See analyses.) 

^ This exactly describes the surface of many of the phosphatic nodules of the Ala« 
bama Cretaceous formation. 
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Most of the fossils ia these Lower Greensand phosphate beds have 
been derived from older formations. They are rolled and worn to sach 
an extent that it is frequently impossible to identify them. Keeping, 
in speaking of the piles of phosphatic material at the mines, says, 
that ^* the coprolite heap looks like one mass of Ammonites biplex, mostly 
worn and fragmentary.'^ The fossils are mostly worn species of mol- 
Insca of Oxfordian, Kimmeridgean, or Portlaodian species of the Upper 
Jurassic (W. Keeping). Many of the derived species are of the Neo- 
comian age, such as Ammonites Deshayesiiy Ancylocercis sp., Hamites 
sp., Thetis minor Sowerby, Terebratula ovoides Sowerby, and other 
forms. 

Thus it will be seen that these latter fossils have been derived from 
a bed but very little older than the nodule bed, as this latter deposit 
belongs, according to J. F. Walker,^ to the Upper Neocomian forma- 
tion. Mr. Walker* also thinks that a large number of the derived 
fossils came from the underlying Kimmeridge Clay. Many of the 
fossils of the Upware nodule bed are preserved in amorphous or crys- 
talline calcite, others in ferruginous sandstone and phosphate of lime. 
The fossil wood Is silicified. According to W. Keeping, all the shell 
casts and fossils that have been mineralized by phosphate or limonite 
are derived fossils and belong mostly to Jurassic species. They are 
easily recognized by their rolled and water-worn condition. Walker 
divides the fossils into (a) indigenous fauna, preserved in oxide of iron, 
and (6) derived fossils, preserved in phosphate of lime. H. G. Seeley, 
on the other hand, thinks that all these fossils are natives of the beds 
in which they are found. 

As regards the mode of phosphatization of these beds. Walker, Keep- 
ing, Teall, and others agree in the theory that it is the result of the 
soaking of calcareous substances in decomposed animal and vegetable 
matter. The Coral Eag fragments in the bed are not at all phosphatized. 
In this particular the deposit resembles those of Alabama and the Car- 
olinas, where shells perfectly free from phosphatic matter are associated 
with beds of highly phosphatic nodules and fossils. This would seem 
to show that the non-phosphatic substances were deposited after the 
nodules had been phosphatized. But Dr. C. U. Shepard, jr.,^ and W. 
Keeping explain the phenomenon by supposing that the purer forms of 
carbonate of lime are not so susceptible to phosphatization as the im- 
pure forms. 

A very distinctive feature between the Upper and Lower Greensand 
phosphate deposits is the nature of the matrix of the nodules in the 
two formations. As has been already said, the matrix of the Upper 
Greensand is a calcareous Greensand containing 2 to 10 per cent, of 
phosphoric acid, while the matrix of the Lower Greensand nodule beds 

» ■ I ■■ - ■ ■ ,■■--■■■ -- I - ■ - - ■ - - --■-._---. L _ l 

^ Mon. Fossil TrigonisB, Pubs. Palaeontographical Soc, vol. 29, 1875, p. X45t 
> Annals Mag. Kat. Hist., 1866. 
3 Souifk Carolina Phosphates. 
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is a highly siliceous sand, containiug no phosphate, except where the 
nodules have been decomposed. The siliceous pebbles of these lower 
beds are of very general distribution. They are found all along the 
Lower Greensand outcrop in England at Upware, Sutton, Brickhill, 
Farrington, and other places, also in the Neocomian strata at Schop- 
penstedt, In Brunswick, Many of these pebbles are fossiliferous. 

Mr. Keeping^ found in some chert pebbles many shells and crinoids 
of the Carboniferous age. In others he found mstuy Jurassic shells 
and echinoderms. He thinks most of the pebbles were derived from 
an ancient barrier axis, which, in the Lower !Neocomian period, sepa- 
rated the north from the south Neocomian seas in Europe, but " which 
was in the time of the deposition of the iron sand series suffering rapid 
denudation and destructiou." 

The Lower Greensand phosphate beds have numerous outcrops in 
Surrey, Sussex, and Kent. They are, however, thought by W. Keeping 
not to be of the same age as the beds of Cambridge and Bedford, but 
to belong to the Sandgate and Hythe series. 

Tertiary phosphate beds. — The Tertiary phosphate deposits occur in 
or directly under the various Crag formations of Norfolk, Suffolk, and 
Essex, but are richest and most extensive in the county of Suffolk. 
The Crag of Suffolk and Norfolk runs along the coast from about 6 
miles northwest of Kromer, in ^Norfolk, for a distance of 70 to 80 miles 
to Hard wick, in the northern part of Essex. This belt is from 7 to 22 
miles wide, being widest in the neighborhood of Norwich and narrowest 
at Halesworth, in Suffolk. Beyond these limits the Crag often occurs 
in patches in the county of Essex. The Suffolk and Norfolk Crag does 
not extend all over the above mentioned area, but in many places it is 
covered by alluvium, and in others, especially in Essex and in the south 
of Suffolk, it has been removed by erosion, and the London clay crops 
out. 

It is in the couuty of Suffolk, and especially in the district between 
the rivers Orwell, Deben, and Aide, and in the country surrounding 
the central mass of Coralline Crag at Sutton, that the Tertiary phos- 
phate beds have been most successfully and profitably worked. The 
Crag formation of this country is composed largely of the Coralline and 
Bed Crags. These formations are each separable into two divisions. 
Prof. J. Prestwich* has divided the Coralline Crag into the upper part, 
consisting mostly of remains of Bryozoa, and the lower part, consisting 
of light-colored sand with many shells mixed in with it. The two beds 
together are rarely over 20 feet thick, and rest on the London Clay 
(Eocene). The Bed Crag consists of irregularly stratified sands stained 
with oxide of iron. It comes above the Coralline Crag, though in most 

^The Fossils and PalaBontological Affinities of the Neocomian Deposits of Upware 
and Brickhill, 1883. 

Quart, Jour. Geol. Soc. London, vol. 27, 1871. 
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cases it rests directly on the London Clay, the Coralline Crag having 
been eroded. The two divisions of the Eed Crag are often very dif&cnit 
to distingaish. The only difference is that the lower division nsnally 
has more shells scattered through it. Accordi ng to Professor Prestwich, 
the lower division includes all the beds going under the name of red 
and i^orwich Crag, while the upper division includes the Chillesford 
sands and clays. Both the Coralline and the Eed Crags belong to the 
Upper Pliocene period and are of the same age as the Upper Antwerp 
Crag.^ 

The phosphate beds occur at the base of the Coralline and Red Crags 
and immediately over the London Clay. The bed sometimes thins out, 
and at other times it separates into two seams, divided only by a few 
feet of shelly crag. Occasionally, also, nodules, and seams of nodules, 
are found running through all parts of the Eed Crag, though the bed at 
its base is generally the largest and most continuous. The phosphate 
bed consists of a mass of phosphatic nodules and shell casts, siliceous 
pebbles, teeth of cetacea and sharks, and many mammal bones, besides 
occasional fragments of Lower Greensand chert, granite, and chalk 
flints. There are numerous fossils and shells, Gardium edule, Peciun- 
cuius glycymeris^ Cyprina islandica, and other forms. The bed varies 
from 2 to 18 inches in thickness. The nodules vary considerably in 
both quality and quantity. They are at times of a compact and brittle 
nature, while at others they are tough and siliceous. They average 
about 53 per cent, phosphate of lime and 13 per cent, phosphate of iron. 
The quantity of bones in the beds also varies very much. Sometimes 
there are few and at other times there are great quantities of masto- 
don and rhinoceros teeth and bones of other mammals, similar in 
some respects to those at Eppelsheim in Germany.^ Large cetacean 
bones and teeth of Charcharodon and Oxychiua are also found. There 
is considerable dispute concerning the origin of the fossils and nodules 
in the phosphate beds of the Crag. That most of them are derived 
masses is shown by their worn and rounded condition. Mr. Jenyns^ 
believes that they have come from the London Clay, and in support of 
this view he calls attention to the similarity of the nodules of the two 
formations. Professor Prestwich* thinks that most, if not all, of the 
nodules of the Eed Crag came from the Coralline Crag. 

The phosphate deposits of Norfolk are few and scattered. Most of 
the phosphatic material from this county is in the form of mastodon, 
elephant, and rhinoceros bones from the forest and elephant beds. None 
of the Crag phosphate beds have i)roved so valuable as the Cretaceous 
beds. The nodules are harder and more siliceous, making them more 
difficult to grind and less valuable as a soil stimulant when in the un- 

* Geol. Mag., Loudou, 1865. 

*E. Ray Lankester: ibid. 

3Ibid., vol. 3, 1866. 

< Quart. Jour. Geol. Soc. London, vol. 27, 1871, 
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acidalated state. Besides this, they contain considerable phosphate of 
iron, which causes a superphosphate, made from such nodules, to have 
a sticky consistency and to be very liable to "revert" to an insoluble 
condition. 

The Crag nodules resemble those of the Cretaceous formation, as well 
as some of those of South Carolina, in the fact that the exterior part 
often contains more phosphoric acid than the interior. The following 
analyses by T. J. Herapath^ illustrate this fact : 

Exterior. Interior. 

« ( 1,105 per cent, flaoride of lime. 0.611 per cent, fluoride of lime. 

( 40.019 per cent, phosphoric acid. 34.015 per cent, phosphoric acid. 

2 ^ 3.996 per cent, fluoride of lime. 1. 961 per cent, flnoride of lime. 

( 32.043 per cent, phosphoric acid. 21. 046 per cent, phosphoric acid. 

History of the rocJc phosphates of England. — The Greensand of England 
has been used as a fertilizer for many generations. As early as 1790 it 
was considered so valuable as a soil stimulant that it was carried in 
carts, sometimes for m any miles, all over the counties of Essex and 
Kent. Immense pits, dug in the Greensand marl, concerning which 
there is no historic record and which are now overgrown by large oaks 
and other forest trees, bear witness to the great value placed on this 
marl in by-gone times. A remarkable example is seen at Worldham, 
where there is a large excavation 15 feet deep, from which, once, 
thousands of tons of greensand were removed. But the heaps of phos- 
phatic nodules which are often found near these pits, and which seem 
to have been thrown away as worthless, show that the value of this 
part of the bed was not known. 

It was not until nearly the middle of this century that the agricultural 
value of these nodules was appreciated. Doctors Mantel, Buckland, 
and Fitton, in the early part of the century, pointed out the existence of 
beds of nodules and fossils in the Cretaceous and Tertiary formations 
of England, but simply spoke qf them as remarkable beds of fossils and 
nodules. Mr. Berthier, in 1820, also made analyses of similar nodules 
found in France. BuC their use as a plant food was not recognized 
until Professor Henslow made a study of the Eed Crag nodules at Fe- 
. lixtow in 1842, and suggested their use in agriculture before the Brit- 
ish Association in 1845. It was at this time that the name coprolite, or 
fossil dung, was first given to these nodules by Professor Henslow. 
At a later date he saw his mistake in believing the phosphatic masses 
to be of coprolitic origin, and considerably modified his views. It was 
certainly a most unfortunate name, as it has since been shown that real 
fossil dung is a thing of very rare occurrence, and hence the name cop- 
rolite, as applied to beds of nodular phosphates, is misleading. 

Among the most active of the early advocates of English phosphates 

> Jout. Boyal Agric. Soc, 1851. 
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were J. M. Paine and J. T. Way,^ who analyzed many specimens of the 
material and made many practical experiments, which went far to open 
ap the phosphate mining industry in England. From that time on the 
use of the English phosphatic nodules became more and more extensive, 
until within the last few years the immense exports of phosphate of 
lime from South Carolina, the West Indies, and other localities have 
thrown so much of that material on the market that the English de- 
posits have become a source of minor importance. 

The principal mining operations are carried on in the counties of 
Oambridge, Bedford, and Suffolk. According to O. Fisher,^ writing in 
1873, the miners in Cambridge had to pay $700 per acre for the right to 
dig phosphate and had to return the land to its original level condition 
and resoil it. With all this expense the average yield was only 300 tons 
per acre, which sold at $12 a ton ; while in the South Carolina diggings 
the yield is 300 to 1,500 tons per acre and it sold, at that time, for $9 
a ton. The nodules in England were dug to the depth of 20 feet, but 
it did not pay to go any deeper. 

Dr. C. U. Shepard, jr., informs me that he visited the diggings at 
Whaddon, near Eowsley, in 1875. They were then working at the 
depth of 8 to 18 feet, all the surface beds having been exhausted. 
Sums from $500 to $1,250 per acre were paid for the right to take the 
rock, and the yields per acre were from 150 to 400 tons. The mining 
was done in open trenches. The phosphate rock was washed in circu- 
lar horizontal tubes and was kept moving by rakes worked by steam. 
The capacity was about 5 tons daily, and the cost of washing about S5 
cents a ton. Wages were $6 a week. The nodules were sun-dried and 
then carted to the railroad for 50 cents per ton. 

The production for the three counties of Bedford, Cambridge, and 
Suffolk from 1875 to 1881 is given as follows :' ^^^3^ 

1875 250,000 

1876 : 258,000 

1877 69,000 

1878 54,000 

1879 34,000 

1880 i - 30,000 

1881 31,500 

Analyses of the amarphoua nodular phoaphatee of England, 

[L " MoUnskite." firom the! Upper OreeDsand* by M. Berthier.} 

Phosphate of lime 57.00 

Carbonate of lime « 7.00 

Carbonate of Magnesia 2. 00 

Silicate of iron andalnmina 25.00 

Water and bitominoas matter 7.00 

98.00 

^ Joar. Royal Agric. Soc, 1848. 
'Qaart. Jour. Geol. Son. London, vol. 29, 1873. 

* Mineral Statistics of the United Kingdom, by Robert Hant, F. R. S. (From D. 0* 
DavieSy Earthy and Mineral Mining, London, 1884.) 
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fit. PluMphate from the Upper Greenland, at Blppen Hall (Way).J 

Insoluble silioeons matter * 9.84 

Soluble silica * 2.36 

Phosphorio acid 27.60 

Equal to bone earth phosphate, 59.60. 

Carbonic acid 6.96 

Lime 44.56 

Majg^nesia and loss 0.81 

Oxideof iron and alamina 4.61 

Organic Oaatter • 3.26 

100.00 

[EEL Fossil sponge, a branching Aloyonite from the Upper Greensand (Way).} 

Insoluble siliceous matter and soluble silica 7.68 

Phosphoric acid 29.67 

Equal to bone earth phosphate, 61.30. 

Carbonic acid 8.77 

Lime 42.29 

Oxide of iron and alumina .., 6.87 

Water, organic matter^ fluorine and loss 4.52 

100.00 

[IV. Bed nodole from the Upper Greensand, at Dippen Hall (Way).] 

Insoluble siliceous matter, with a little clay 7. 18 

Soluble silica • 3.28 

Organic matter ^ ^ 2.49 

Phosphoric acid 27.13 

Equal to bone earth phosphate, 55.96. 

Carbonic acid 8.77 

Lime 39.85 

Magnesia 0.96 

Oxideof iron and alumina 10.60 

Fluorine Trace 

100,26 

(Y. Pbosphatio nodoles from the Upper Greensand (Toloker).] 

Moisture and organic matter 4.68 

Lime : 43.21 

Magnesia 1.12 

Oxideof iron 2.46 

Alumina 1.36 

Phosphoric acid 25.29 

Carbonic acid 6.66 

Sulphuric acid 0.76 

Chloride of sodium 0.09 

Potash 0.32 

Soda 0.50 

Insoluble siliceous ihatter 8.64 

Fluoride and loss 4.96 

100. 05 
^572) 
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[71. Upper Greenauid from Dippen Hall (Way).] 

Coarse line 

part. part. 

Insoluble silioeoos matter • 21. 85 96.25 

Soluble silica 20. 18 18, 11 

Organic matter 6.25 5.95 

Phosphoric acid 7.80 10.38 

Carbonic acid 10.91 10.34 

Lime 20.58 19.87 

Magnesia 1.59 0.87 

Oxide of iron and alumina i 8.18 6.18 

Potash and soda, not estimated • 

97.34 97.95 

[YIL Upper Greanaand from Dippen Hall (Way).] 

Coarse Fine ' 

part. p^^ 

Insoluble siliceous matter 26.83 32.81 

Soluble silica 26.30 29.14 

Organic matter 2.64 3.02 

Phosphoric acid (1) 9.31 6.61 

Carbonic acid 2.35 2.30 

Lime 15.24 9.53 

Magnesia 1.43 1.97 

Oxide of iroD and alumina 13.11 11.46 

Potash Not est. 3.10 

Soda - Not est. 0.00 

99.94 

(1) Equal to bone earth phosphate 19.22 

(1) Equivalent of earthy bone ^.... 13.63 

[Yin. Cambridgeshire glaaconite (Professor Liyeing).] 

Water 10.80 

Silica 5L09 

Alumina * 9.00 

Iron (protoxide) 4 19.54 

Magnesia 3.37 

Lime 0.30 

Soda - 3.56 

Potash 1 2.47 

100.13 

[IX, Phosphate nodules from Lowot Greensand (Way).] 

Insoluble siliceous matter 43.87 

Soluble silica 3.25 

Organic matter, water, and fluorine 3.44 

Phosphoric acid 20.80 

Equal to bone earth phosphate, 42.48. 

Carbonate of lime 1.06 

Lime in combination with phosphoric acid 23.86 

Oxide of iron and alumina 3.35 

Magnesia and loss 0.37 

IQQ.Qft 
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[X. Phosphatio nodnle firom Lower Greensand (Way).] 

Silica and sand ' 13.64 

Snlpbate of lime 50.16 

Water in combination • 14.97 

Water (accidental) 7.47 

Phosphoric acid 4.80 

Lime, additional 0.27 

Oxide of iron and alumina 8.82 

100. 13 

From the above analysis it will be seen that most of the phosphorio 
acid mnst have been in combination with iron and alamina. 

[XI. Large green grains &om a Lower Greensand phosphatio conglomerate (Way).) 

Soluble and insoluble siliceons matter 18.53 

Water 2.28 

Phosphoric acid 20.65 

Carbonic acid 4.01 

Sulphuric acid .••• 5.13 

Lime 34.61 

Oxide of iron 7.24 

Alumina 0.98 

Potash 1.79 

Soda 1.87 

97,09 

[XIL Lower Greensand nodules (VSlcker).] 

Averairo samples 
of sittings from Washed rook 
layers at 1 and firom another 
2 feet. place. 

Water of combination 5.17 5.67 

Phosphoric acid »22.39 ns. 12 

Lime 32.73 26.69 

Magnesia, alumina, and fluorine (by difference) 6. 64 4. 51 

Carbonic acid 3.06 82.18 

Oxideof iron 18.08 20.61 

Siliceous matter 21. 93 25.22 

100. 00 100. 00 

[Xm. Partial analysis of phosphatio conglomerate, Lower Greensand, from Folkstone,'by Way]. 

Insoluble siliceons matter • 30.60 

Phosphoric acid 7.23 

Potash 3.31 

Soda 1.02 

f XrV. Lower Greensand mass, from which the principal fossils and nodules were picked, by Way.] 

Insoluble siliceous matter ^.... 75.46 

Soluble silica 8.12 

Organic matter 2.30 

Phosphoric acid 0.64 

^Phosphate of lime, 48.51; carbonate of lime, 6.95. 
^Phosphate of lime, 32.76; cai^^bonajte Q^lime, 4.95.. 
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Carbonic acid.... <. 5^64 

Lime 2.01 

Magnesia ;. 0. IS 

Oxide of iron and alumina 5.59 

99.94 
Analyses of crag phosphates. 

These average 50 to 60 percent, phosphate of lime (Way). 

[I. Phosphate from the crag at Sarrey, by Herapath.] 

Water 3.400 

Organic matter Trace 

Silica with some silicate of alumina and silica of iron 13.240 

Chloride of sodium Trace 

Sulphate of soda • Trace 

Carbonate of lime 28.400 

Carbonate of magnesia Trace 

Sulphate of lime 0.736 

Phosphate of lime(tribasic) 21.8S0 

Phosphate of magnesia Tntce 

Perphosphate of iron 24.760 

Phosphate of alumina 6.998 

Phosphate of manganese Trace 

Flaoride of calcium Some 

Loss 0.586 

100. 000 

« 

[II. Partial analysis of three Suffolk nodules, by Herapath. J 

Earthy and other phosphates 64. 056 79.545 67. 176 

Fluoride of calcium 0.311 2.554 2.768 

Nitrogen Traces 0.0314 Undet. 

[IIL Crag nodoles from coast of Suffolk (Herapath).] 

Water with a little organic matter 4.000 3.560 

Salts soluble in water (chloride of lime and sulphate of 

soda) Trace Trace 

Silicic acid, colored red by a little undeoomposed silicate 

of iron 5.792 6.309 

Carbonate of lime 10.280 8.959 

Sulphate of lime Distinct trace 0.611 

Phosphate of lime (tribasic) 70.920 69.099 

Phosphate of maguesia Trace only Trace 

Perphosphate of iron 6.850 8.616 

Phosphate of alumina 1.550 2.026 

Oxide of manganese Trace 0.016 

Fluoride of calcium 0.608 0.804 

100. 000 100. 000 

Nitrogen .0254 Undet. 

riV. Suffolk crag phosphate (Herapath).] 

Water driven off at from :M)0O-350c F 2.600 

Water and organic matter, expelled at a red heat 9. 000 

Chloride of sodium, etc [ Evident trace 
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Carbonate of limo 39.500 

Carbonate of magnesia 0.5/20 

Sulpliate of lime Distinct trace 

Phosphate of lime 15.860 

Phosphate of magnesia. Trace 

Perphosphate of iron • 9.200 

Phosphate of alnmina 4.708 

Peroxide of iron None 

Alnmina 6.212 

Fluoride of calcium.... 1.698 

SiUcioacid 10.601 

99.899 
[V. Suffolk phosphate nodales, by Herapath.J 

Water and organic matter 7.200 9.210 

Chloride of sodium and sulphate of sodium Trace Trace 

Carbonate of lime 18.514 5.176 

Carbonate of magnesia 0.855 2.016 

Sulphate of lime Some 1.161 

Phosphate of lime 51.018 45.815 

Phosphate of magnesia Trace Trace 

Perphosphate of iron 8.902 12.476 

Phosphate of alumina 2.700 6.387. 

Oxide of maganese 0,057 0.267 

Peroxide of iron.. 

Alumina 

Fluoride of calcium w 3.161 2.688 

SiUcicacid and loss 7.593 14.804 

100. 000 . 100. 000 
Nitrogen 0.0289 0.0198 

PHOSPHATES OP BELGIUM. 

The phosphate deposits of Belgium beloug to the upper part of the 
Cretaceoas formation. They are mined almost exclusively in the prov- 
ince of Halnaut, which is the southern part of the kingdom, and bor- 
ders on the French province of Aisne. The following section will show 
the general geologic relations of the phosphate beds of this region : 

Tufeau de Ciply (Ciply Marl) ^ \ Craie de 

Poudingue de Ciply (Ciply Conglomerate) > Maestricht 

Craie Grise on Brune (Brown or Gray Chalk) ' (in part). 
Craie Blanche (White Chalk). 

The top bed, Tufeau de Ciply, is a soft, coarse-grained, calcareous 
rock of a white or light yellow color. It crops out in numerous places 
in the communes of Ouesmes^ Hyou, Ciply, and Mesvin, and rests un 
comformably on the underlying beds. In Cuesmes it comes in direct 
contact with the White Chalk (Craie Blanche), but in Ciply and Mesvin 
it is separated from it by a considerable thickness of intervening strata, 

' In his recent memoir (Quart. Jour. Geol. Soc. London, pp. 325-340, 1886) Mr. Cornet 
expresses the opinion **that the Brown Phosphatic Chalk of Ciply and the Chalk of 
Spiennes should be regarded as formiog together one geological whole, a peculiar stage 
of the Belgian Cretaceous series.V— N. S. S. 
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* 

as shown in the section above. "Irpmediately under the Tofean comes 
the Ciply Conglomerate. This^ isT aldctotid^tion deposit, and is known 
as the Poudingue de Ciply, or Porfdfti^^'JJ^la Malogne.^ In some 
places it immediately overlies the White Cballf^*as}n tlje neighborhood 
of Ciply, and at others it is separated from it by* a* very vst]:iiE^ble thick- 
ness of Gray or Brown Chalk. The Conglomerate consiSts.'\>f {(.ms^ of 
phosphatic nodoles, shell casts, and fossils, cemented by a calcardoli? : . 
matrix. Sometimes the bed is cemented into a solid mass, and again* k .-* 
is loose, and easily worked with pick and shovel. There are nnmer- 
oas shells and remains of gasteropods, lamellibranchs, brachiopods, sea- 
nrchins, and sponges. There are, also, many teeth and vertebrate bones 
of fish and sharks, all much worn and roanded, showing clearly that 
they have been changed from the bed in which they were originally de- 
posited. Belemnitella mucronata and Ostrea ves^ieularia are among the 
common forms found in the bed.' The noduleis vary from a quarter of an 
inch to 5 inches in diameter, and are generally of a brown color. They 
contain a small quantity of phosphate of lime (25 to 50 per cent.) com- 
pared with that of American and English phosphates, which rarely run 
under 55 per cent, and 50 per cent, of phosphate, respectively. When 
ground and heated in a dark room the Ciply phosphate shows the same 
phosphorescence as the Spanish phosphorite, but in a less degree. The 
nodule bed is very continuous at the base of the Tufeau de Ciply,' but 
is generally in such a thin sheet that it does not pay to work it. Oc- 
casionally, however, it has been collected in pockets on the surface 
of the underlying bed, to such an extent that it has been mined with 
profit. Such is the case in Cuesmes and Ciply, where openings have 
been made and large quantities of phosphate taken out. The thickness 
of the bed is very variable, ranging generally from a few inches to 3 
feet. The underlying bed is much worn and eroded on the top.* 

It is from the bed immediately underlying the Ciply Conglomerate 
that over nine- tenths of the phosphate now mined in Belgium is obtained. 
This bed is known as the Craie Grise or Craie Brune, and comes between 
the Ciply nodule bed and the White Chalk (Craie Blanche). It is of a 
very variable thickness, being in some places entirely eroded, so that the 
Ciply Conglomerate comes in direct contact with the White Chalk. At 
other localities it reaches a very considerable thickness, as near the town 
of Ciply, where it is 30 meters deep. The bed consists of a coarse- 
grained rock, easily crumbled in the fingers, softer at the top than at 
the bottom, and of a gray or brown color. It is formed of a mixture of 
grains of carbonate of lime and small pebbles of phosphate of lime, 
about the size of a pin head. The proportions of the two constituents 

1 Cornet and Briart : Bull. Acad. roy. Belgique, 2d series, vol. 37, 1844, pp. 338, 844. 
^F. L. Cornet: Bull. Soc. g^ologiqne France, 3d series, vol. 2, 1874, p. 570. 
^Mr. Melsens: Bull. Acad. roy. Belgique, 2d series, vol. 38, 1874, pp. 25-52. 
^F. L. Comet: Bull. Soc. g^ologique France, 3d series, vol. 2, 1874, pp. 567-577. 
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are about 25 to 30 per cent, of grains of carbonate of lime, and 70 to 75 
per cent, of phosphatic pebbltis. Tlie phosphate grains are eqaally 
plentifal all through the yipper 10 feet of the bed, but below this they 
begin to grow scarc^f^loH scarcer, until the bed gradually runs into the 
White Ghpy£>^(Gi:aie Blanche). In this lower bed no phosphatic nodules 
are jfottiiii|'.]tfuk M their place there occur beds of brown, siliceous nodules 
: {yiuQlF* 'between the strata. The ov^erlying phosphate bed (Oraie Grise 
'\ dr'Craie Brune) is a regularly stratified deposit and dips gently to the 
northwest. 

The phosphate grains were at first thought to be glauconite which 
had been turned brown by weathering. They are of a brown color and 
are very porous. When exposed to the action of heat for some time 
they become crumbly and very easy to grind. This is explained by Mr. 
Mvoit^ as being caused by the decomposition of the animal matter in 
the nodules. The specific gravity is 1.80 to 2.90. The phosphatic bed 
runs in a band of several hundred meters' breadth, through Guesmes, 
Hyon, Giply, Mesvin, Nouvellea, and Spiennes, all in the province of 
Hainaut. Estimating the surface of the belt as 180 hectares (444.78 
acres), and supposing that mining can be carried on to a depth of 8 
meters, there would be 14,500,000 cubic meters of workable rock in the 
place.* 

The upper part of the phosphate bed averages 11.50 per cent, of phos-> 
phoric acid (see analyses p. 107). A large part (50 to 55 per cent.) is 
composed of carbonate of lime. Numerous methods have been tried to 
separate the phosphate from the matrix. Treating the mass with hydro- 
chloric acid^ has been tried, in the hope of dissolving out the carbonate 
and leaving the phosphate untouched, but it was found that the acid 
attacked the phosphate at the same time as it did the carbonate. An- 
other method is to expose the mass of nodules and matrix to the air for 
some time in order to allow it to disintegrate. It is then separated from 
a part of the associated carbonate of lime by shaking on a screen, or 
washing in a stream of running water, which carries off the more finely 
divided part of the carbonate. Sometimes the rock is ground, and a 
considerable part of the limestone removed by a fan. This method is, 
however, not as efficient as the washing process, and is only used 
where- water is scarce. By none of these processes has the quality risen 
above 40 to 50 per cent, phosphate of lime.* 

An examination of the analyses given will show that the freer the 
phosphatic grains are from the calcareous matrix, the nearer they ap- 
proach in composition to the nodules of the Giply Gonglomerate.® They 

* Mr. Nivoit: Comptes rendus Acad, sci., Paris, vol. 79, 1874. 

'^Cornet and Briart : Bull. Acad. roy. Belgique, 2d series, vol.37, 1874, p. 841. 
^ A. Petermann : Bull. Acad. Sci. Roy. Belgiqne, vol. 39, 1875, p. 31. 

* According to Cornet experiments are now in progress which indicate that the pro- 
portion of phosphate may be raised to 65 per cent. See Quart. Jour. Geol. See. 
Lonrlon, vol. 42, 1886, p. 334.— N. S. S. 

^Mr, Nivoit: Compt Rendus Acad, sci., vol. 79, Paris, 1874. 
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resemble very mach in composition the nodules of the Marnes Grayeases 
in France. The Poudingue de Oiply and the underlying Oraie Grise or 
Graie Brune combine to make a formation very similar to the phosphate 
conglomerate of New Hanover County, the Poudingue resembling the 
upper part of the New Hanover bed and the Oraie Grise or Oraie Brune 
resembling the lower part. As will be seen by referring to the descrip- 
tion of the North Oarolina boil, the upper part contains much larger 
nodules and is more compact than the lower part, which is of a loose 
texture and has nodules of more uniform composition than the upper 
part. The nodules of the lower part of the New Hanover bed resemble 
those of the Oraie Grise or Oraie Brune both in decreasing in quantity 
at a depth and in their brown color. The principal differences are that 
the American beds are of Tertiary age, while the Belgium beds belong 
to the Oretaceous period. The nodules are smaller in the Ohalk beds 
than in the lower part of the New Hanover beds, while the nodules of 
the Oiply Oonglomerate are apt to be larger than those of the upper 
New Hanover bed. Also, the nodules of the upper part of the New 
Hanover beds are of more variable physical and chemical character 
than those of the Oiply Oonglomerate. 

The phosphates of the Oiply Oonglomerate bed were discovered as 
early as 1858 by Mr. Lehardy de Beaulieu,^ and were described again in 
1866 by Messrs. Oornet and Briart.' But it was not until 1873 when 
Messrs. De Ouyper and G^ndebien and Mr. Desailby opened mines, that 
the phosphates of Belgium were worked. 

The phosphates of the Oraie Grise were discovered in 1873 by Messrs. 
Cornet and Briart,^ and since that time they have been almost the only 
beds worked, as they have proved more profitable than the Oonglomer- 
ate bed. The mining is generally done in open trenches, though shal- 
low shafts are sometimes sunk, and honzontal galleries are run in from 
the sides for a distance of 10 to 12 metet*s. 

^ M^moires et Pab.'Soo. sci. Hainaut, 2d series, vol. 7, 1860. 

2 BaU. Acad. Roy. Belgique, vol. 22, 1866. 

3 BuU. Acad. Boy. Belgiqne, vol. 37, 1874. 

NoTB. — As this report is going to press I have received a memoir of Mr. F. L. Comet, 
pnblisiied in the Quarterly Journal of the Geological Society of London, Aagust 2, 
1886, pp. 325-340, entitled <'On the Upper Cretaceons series and the Phosphatic beds 
in the neighborhood of Mons (Belgium)." This valuable memoir contains some im- 
portant information concerning the geological and economic history of the region 
about Mons. The most important points are summarized below: 

Production of the Mons district in English tons. 



Tear. Tons. 

1877 3,850 

1878 5,630 

1879 7,578 

1880 15,500 



Year. Tons. 

1881 29.528 

1882 40,043 

1883 58,660 

1884 85,000 



The most important points set forth in this contribution concern the circumstances 
which have led to the formation ot* the phosphates of the Mons district. The aji.tl\»>^ 
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Analyses of ike am0rphou$ nodular pkosphaits of Belgium. 
[L Ciply Conglomerate oodoles (A. Petermann, Bull. Aoad. roy. Belglqne, vol. 39).] 

• 

Water and organic matter 6.39 

Carbonate lime ••••• 40.55 

Phosphate lime (21.82 phosphoric acid) ^... 47.63 

Sulphate lime 3.19 

Silica 0.31 

Magnesia (chlorine and alkalies not determined).... « 1.93 



100.00 



[IL Vodolee (Kivoit, Aetoo. fvtatq. »rano. eel., 1875).] 



ConstltaeDte. 



Loss by ealcinaUoB (1) 

Sapd and clay 

Oxide of Iron 

Lime 

Phospborio acid (2) , 

Snlphnric aoid , 

Chlorine 

Flaorine 



(1) Equal to pbospbate of lime. 

(2) Nitrogen a 



From 
Ferthes, 
at base of 

Craie 
Blanche.- 



2&10 

L65 

1.20 

50.89 

21.10 



0.14 



100.08 



46.06 
0.29 



From Ciply 

Oonglom* 

erate. 



26. S5 
1.30 
0.00 
U.60 
30.85 
0.12 
0.25 
0.18 



100.25 



44.42 
0.35 



Craie Oriee 
(whole 

mRM, nod 
ulesand 
matrix). 



3L09 

2.10 

1.10 

54.00 

U.18 



99.33 



24.30 



a S<Hne of the nitrogen is in the form of ammonia salte. 



clearly shows that these phosphates have been formed by the concentration of phos- 
phatic matter originally disseminated in lime carbonate, the concentration having 
been effected by the action of water, containing carbonic acid gas derived from de- 
cayed vegetation. Even in its somewhat concentrated form the proportion of lime 
phosphate is too low and that of lime carbonate too high for the material to be need 
in the manufacture of snperphosphates. " But,'' says the author, '* by simple me- 
chauical processes, either by dry or wet methods, a product is obtained which eon- 
tains from 40 to 50 per cent, of phosphate. Some experiments now being made lead 
us to hope that a proportion of 65 per cent, may be reached." These experiments in 
concentration have a great interest to us, for the reason that they may show the way 
by which the low-grade phosphates of Alabama and other parts of this country can 
be utilized. 

The diagrams accompanying this report are of interest, aa they show the relation 
of the phosphatic deposits to the erosive agents which have served to bring about 
this concentration in superficial beds. — N. S. S. 
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(UL Craie Brane (NiToii, ibidi)] 



Conititiiente. 



Organic matter 

Lime 

Kagneaia 

Alamimfc and oxide of iron 

Potash and soda 

Carbonic acid 

Snlphnrio acid 

Phosphoric acid 

Silica and sand 

Chlorine and fluorine 





1 


--s 


•g 


«a 





'2 H 

^ 

o S 


1 


j^s 


^ 


2.83 


4.40 


53.24 


52.00 


0.12 


Trace 


1.01 


1.29 


0.19 


0.28 


28.10 


24.32 


0.89 


0.92 


11.66 


15.19 


1.96 


1.60 


Trace 


Trace 


100.00 


100.00 



fry. Craie Brane (Petermann, BnlL Acad. Sci. roy. Belgiqae, vol. 39, p. 84).] 

Phosphoric add. 

(a) Masspoor in phosphate grains.. 10.00 

(6) Mass poor in phosphate grains 9.S27 

(c) Mass rich in phosphate grains 13.90 

{d) Incoherent fragments * 10.87 

(e) Incoherent fragments 11.62 

(/) Incoherent fragments 10.87 

[Y. Craie gHse on brane (Kivoit, Assoc, ft^ao^aise avanc. scL, 1875).] 

Loss by calcination 31.00 

Sand and clay 2.10 

Phosphoric acid 11.13 

Lime 54.00 

Oxide of iron '. 1.10 

Loss and ondetermined matter 0.67 

100.00 

PHOSPHATES OF NORTHERN FRANCE. 

The phosphates of northern France occur mostly in the provinces of 
Ardennes and Mease, thoagh they are also found in smaller quantities 
in other northern provinces. They are in the Cretaceous, and, like 
the phosphates of the English Cretaceous, appear both at the summit 
and base of the Gault (Gault Argileux). But there is also a third bed, 
which is not found in England, and which occurs immediately under 
the Craie Blanche, a calcareous bed corresponding to the Upper Chalk 
of England. The following section will show the relative positions of 
these beds, in descending order: 

(1) Craie Blanche (" Upper Chalk"). 

(2) MamesCrayeuses (''Chalk Marl"). 
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(3) Sables Glauconienx (Chloritic Marl of England). 

(4) Gaize (Upper Greensand of England). 

(5) Gault Argileux (Gault of England). 

(6) Sabl^ Vert (Lower Greensand). 

The above section can be seen in many places in the western part of 
the provinces of Ardennes and Mense. 

The nodale beds in the Upper and Lower Greensand resemble, in 
many respects, the corresponding beds in England. The Lower Green- 
sand has a very variable thickness, sometimes running out almost 
entirely, and at others attaining a depth of 50 feet. It is at the base 
of this mass of sandy clay, colored sometimes by grains of glauco- 
nite, that the Lower Greensand phosphate bed occurs.^ The nodules 
are rounded, worn, and mixed with many fossils and shell casts. They 
vary from the size of a nut to that of a man's fist. They are of a brown 
color, and are generally of a lighter hue on the surface than in the cen- 
ter. Sometimes the nodules occur loose in the sand and at othersy as at 
Clermont and Yarennes, they are cemented into a conglomerate. There 
are in the bed numerous shark teeth, shells, remains of crustaceans, and 
other fossils. The nodules often contain grains of quartz and greensand, 
veins or crystals of pyrite, gypsum, and sometimes of galena. There 
are also often associated with them concretions of pyrite, crystals of 
gypsum, and balls of ferruginous clay. 

The French nodules resemble the English in being of a variable con- 
sisteucy, sometimes being very compact and glassy in appearance, and 
at others being so siliceous that they often, as at Beurey. look like 
grains of sand cemented by a little phosphate. It has already been 
shown that the composition of such nodules, at least so far as the. rela- 
tive amounts of silica and carbonate of lime are concerned, depends 
largely on the character of the water bottom from which the nodules 
were formed. 

The nodule bed of the French Lower Greensand is very continuous 
and rarely runs out,^ though it varies considerably in thickness, rang- 
ing from two to nine inches, and averaging about seven inches.^ There 
are also nodules, more or less phosphatic, scattered through the overly- 
ing Lower Greensand, as well as through the Gault, but they are not in 
sufficient quantities to be of any commercial importance. The nodules 
and shell casts of the Gault are much more homogeneous and compact 
in their composition than those of the Lower Greensand.^ 

The next phosphate bed, in an ascending series, comes in the Upper 

^Mr. Nivoit: Assoc, frang. avanc. set., 1875. 

* The nodules contain 8.80 to 50.54 per cent, phosphate of lime and average 39 per 
cent. 

3 It will be seen that there is only one regular bed of nodules in the French Lower 
Greensand, while in the English formation of the same horizon there are three beds, 
which, however, often run into each other and form one stratum. 
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Greeusand, or " Gaize,'' which is a lenticalar deposit lying between the 
Gaalt beneath and the Sables Glaaconieax: above. It reaches its max- 
imam thickness of 105 meters near the town of d'Antry. It runs out 
in the north at d'Attigny and in the south near Nettancourt. It is a 
more or less clayey and siliceous deposit, often containing a large amount 
of silica in a semi-gelatinous form. The. phosphate bed lies about 50 
feet from the base of this deposit, and is irregular and undulating. It 
is of variable thickness, ranging from two to twelve inches and averag- 
ing about five inches.^ The nodules average 55 per cent, phosphate of 
lime and are of the same general character all through the bed. Their 
surface is black or dark green, and is richer in phosphate than the 
interior, which is often simply a mass resembling, in every respect the 
Gaize formation surrounding the nodules. In this respect these resem- 
ble some of the English phosphatep, which are often found to contain 
50 per cent, of phosphate on the exterior part, while towards the 
interior the quantity of phosphoric acid grows less and less till, in 
the center of the nodule, there is a mass of marly sand or sandy marl. 
The fossils are very numerous and are all much rolled and worn. In 
the Sables Glauconieux, which overlie this bed, there are found very 
similar nodules. They do not, however, occur in a regular stratum, but 
are scattered through the formation. 

The last bed of phosphate, in an ascending series, which is found in 
the Ardennes and Meuse Cretaceous, lies at the base of the Graie 
Blanche (Upper Chalk), and on top of the Marnes Crayeuses (Chalk 
Marl). These nodules difier considerably from the underlying phos- 
phates. They are of a white or gray color, homogeneous in composition, 
and consist almost entirely of carbonate and phosphate of lime. The 
bed is of very little commercial importance, as it is thin, irregular, and 
apt to run out. 

All these French Cretaceous phosphates are very soft and porous, 
and can absorb a large amount of water. They easily disintegrate on 
exposure to air, and are readily ground to an impalpable powder. In 
fact, those of the Marnes Crayeuses are so soft that they go to pieces 
while being washed, and are, therefore, not much used. The French 
differ from the Belgium nodules in having more siliceous matter and less 
carbonate of lime.* 

The nodules are dug in trenches or in shafts, from which galleries 
thirty to forty feet long are run. They are washed by throwing them on 
a screen over which a stream of water is running, thus reducing the mass 
to from one-half to one-third of its original weight. When water is 
scarce they are allowed to lie exposed to the air until dry, and then 
shaken on a screen. Thus cleaned they retain 10 to 15 per cent, of their 
original matrix. They are then broken and ground. 

^ Nivoit: Assoc. frang. avanc. scL, 1875. 

2 Mr. Nivoit thinks that the nodules were formed by a phosphatic solution coming 
in contact with carbonate of lime either already deposited or being deposited. 
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The principal phosphate mining districts are the canton Grand Pr^, in 
Ardennes, and the cantons Clermonty Louppy-le-Gh&tean, and Yillotte, 
in Meuse. The nodules of the Lower Qreensand have been more ex- 
tensively mined than the other beds, having been worked in seventy 
com manes; while the Upper Qreensand nodules are worked in twelve, 
and the Marnes Crayeuses in only one commune (at Sainte Marie, near 
Yauziers). The nodules at the base of the Craie Blanche have not been 
profitably worked in either Ardennes or Meuse. 

The production of phosphate of lime from the north of France in 1875 
was 66,000 tons, of which 41,000 came from Meuse and 25,000 from 
Ardennes, and 1,500 workmen were employed in washing and mining. 

Following is a table^ showing the cost of mining and shipping one 
cubic meter of nodules from the Lower Qreensand, allowing 1,500 
kilograms to the cuIhc meter. Also a table showing the expense of 
treating in the same way one cubic meter of Upper Qreensand nodules, 
allowing in this case a weight of 1,600 kilograms to the cubic meter. 

Co8t of mining and shipping phosphates of northern France. 



Items of expense. 



Cost for right to dig 

Eztraotion 

Transportation to washers and from them to miU. 

Washing 

Grinding and putting in bags 

Shipping (expedition) 

Bxtra costs (traisg6n6raax) 



Total for a cabic meter. 
Total for a ton 



« z 

o 
1^ 



Frcmet. 
4.00 
16.75 
4.00 
2.60 
9.00 
1.75 
5.00 



42.00 
28.00 



»4 



'9 



Fra/net. 

10.00 

81.00 

4.00 

6.00 

10.40 

2.50 

5.00 



67.90 
42.*46 



Analyses of amorphous nodular rock phosphates of northern France. 
[I. Grand Pr6 nodnles, Upper Greensand, by Niyoit] 

Loss by calcination • 

Clay, sand, and greensand ,.- 

Phosphoric acid - 

Lime 



8 

42 
20 
27 



Oxide of iron - 3 

[II. Nodnles from base of Craie Blanche by Nivoit] 

Loss by calcination 25.10 

Clay and sand ^ - 1.65 

Phosphoric acid 21.10 

Chlorine .*-. - -. 0.14 



Lime 

Oxide of iron 



50.89 
L20 

100.96 



^NiYoit: Assoc. iiai\^. ay one. sci., 1875. 



1 PHOSPHATES OF CENTRAL FRANCE. Ill 

[HI. Similar nodnlcM, analyMd ftt tlie fiode Oes Hinea, Paris.] 

Silica 4.80 

Alamina and oxide of iron 3.20 

Carbonate of lime r 45.82 

PhoHphnte of lime 46.13 



[lY. Sables Verts nodales, by Nivoit (Assoc. fraD9. avano. soi., 1875).] 



Loss by oaloinatioii 

Sand and day 

Phosphoric aoid 

Salpharic acid '.. 

Oxide of iron 

Lime .' .... 

Magnesia 

Loss and matter not determined.. 



Total 



I. From 
Islettes. 



16.00 
27.08 
18.72 



4.30 

SI. 00 

2.10 

0.90 



100.00 



n. From 

Lonppyle 

Gb&teau. 



0.00 
93.80 
22.03 

2.12 
1L30 
29.33 
Trace. 

1.82 



100.00 



III. From 

d'Ander« 

nay. 



10.60 
3L03 
ia78 

0.89 

16.05 

20.80 

Trace. 

2.35 



IV. From 
Benrey. 



8.00 
30.80 
10.30 

0:92 
10.00 
22.00 

0.89 

1.49 



100.00 



100.00 



100.00 



fV. Gaize nodules from Grand Pii6, by Nivoit] 

Loss by oaldnatioa 7.20 

Sand and clay 13.50 

Phosphofio aoid 81.00 

Snlphnrio acid i 1.00 

Oxide of iron 7.50 

Lime 38.50 

Loss and matter not determined 1.30 



Total 100.00 

[VI. Nodnles from the Mames Crayenses, Sainte-Marie, by Nivoit.] 

Loss by calcinaUon 16.20 

Sand and day m • .*. 26.30 

Phosphoric acid 18.00 

Oxide of iron 12.15 

Lime -^ 87.35 



Total 100.00 



PHOSPHATES OF CEXTBAL FRANCS. 



The phosphates of the center of France, in the department of Gdte- 
d'Or, and in the sontheast, near the source of the Bhone, aronnd Belle- 
garde, are of the Lower Gaalt and Lower Greensand formations. Tbey 
differ in no material way &om the corresponding beds in Ardennes and 
Mense. The same formations are worked farther south along the 
Kione, at Seyssel, near Grenoble, and elsewhere. In Is^re and Drome 
there is a bed not represented in the north ; it is a thin, glauconitic 
stratnm, lying between the Valenginien and the Marnes d'Hauterive. It 
pontains Belemnites dilatatvs and Belemnitea p6«t{Ui/ormi%« TVil^ ^^sc:N5b 
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bed also crops out near Castellane and Kice. It is of very little com- 
mercial importance. 

The phosphate bed of Gdte-d'Or consists of a bed of yellow sand o1 
fine texiure^ mixed with shells, fossils, and phosphatic nodnles, whicli 
often form a separatiB bed in the sand. The bed immediately anderlies 
the gray and red clays of the Gaalt. 

PHOSPHATES OF RUSSIA. 

The principal phosphate deposits in Bussia are found in the Greta 
ceoQ/s formation, thoagh deposits of very limited extent have also beeu 
found in the Tertiary, Jurassic, and Silurian. The Cretaceous phos 
phates are developed here on a larger and more continuous scale than 
those of any other part of Europe or those of America. The main de 
posit lies between the Volga atid the Dnieper Bivers, and the area 
covered has been estimated by Yermoloff at 20,000,000 hectares (about 
50,000,000 acres). It begins in the government of Smolensk and ex 
tends almost uninterruptedly in a southeasterly direction to beyond 
Woronesch. This area is about 370 miles long by 60 to 125 wide. South 
of this belt the phosphate bed is lost under the overlying beds, but it 
reappears again on the southern boundary of the Cretaceous basin 
North of Woronesch the bed has been destroyed by erosion, but it u 
found again 125 miles northwest, in the neighborhood of the villages ol 
Tambof and Spask and Simbirsk. Besides these principal localities, 
the phosphate bed is found in several other places between the Baltic. 
Caspian, and Black Seas. Mr. Yermoloff,' in speaking of the great ex 
tent of the Bussian phosphates, says : 

Nous ne croyons pas exag^rer en affirmant qae la Russie oentrale repose sar da phoa 
phate de chaox, qa'elle poarrait en paver la moiti^ de I'Europe, tant les oouchei 
qu'elle renferme sent in^poisables de richessee. 

The Cretaceous series in central European Bussia forms a basin, onlj 
the northern boundary of which has as yet been thoroughly explored 
The phosphate beds are found at two different horizons in this formation 
The first is at the base of the White Chalk or Craie Blanche, and cor 
responds to the White Chalk bed of Ardennes and Mouse. The seconc 
is at the base of the Greensand (Cenomanian, or Gr^s Yerts) and ii 
mixed with glauconite and sand. It corresponds to the beds of the sam< 
horizon in central and northern France. The deposit at the base of tin 
Chalk is the most important, and the one most often seen. The phos 
phatic material occurs in the form of shell-casts, nodules, and fossils 
mixed together in a bed of gray or yellow sand, and is commonly knowi 
as "ssamorod" (native stone). The nodules are of a black-brown o 
gray color, and are often cemented together, forming a solid mass, whicl 
is used as a building and paving stone. The phosphate often occurs ii 
several different beds, separated only by a thin layer of calcareous o: 

■Alex. Tennoloff: Jonr. agric. pcatiqne, 1872. 
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silioeoos matter. There are usnally from one to three of these separate 
beds and sometimes as many as seven. Their thickness varies from 6 
to 20 inches. 

The following sections by Dr. 0. U. Shepard, jr., will show the posi- 
tion of the phosphate beds : 

Seotion 1. In the townBhip of Briansk, n^oyemment of Orel, on the banks of the 
Desna, the ssamorod occurs in large flat pieces, 3 to 4 feet sqnaie and 10 inches 

thick. 
The order of occnrrence is as follows : 

(1) ArgiUaceons marl. 

(2) White chalk. 

(3) Siliceous marl, with thin layers of chalk and small nodules of phosphate of lime 
U feet thick. 

(4) Ssamorod occurring (as above described) in flat slabs. 

(5) White sand 2 feet thick. 

(6) Second deposit of ssamorod, in nodules; 8 inches thick. 

(7) Brown sand over 5 feet thick. 

The upper deposit of phosphate slabs consists of hard brown nodules, cemented to> 
gether-by siliceous and calcareous matter. The lower layers are dark green and soft 
when first dug. 

Section 2. The same slabs also occur in the neighborhood of Kursk and towards 
OreL At DmitroYsk the occurrence is as follows : 

(1) Bed clay, 7 feet thick. 

(2) White, calcareous marl, containing many small, phosphatic nodules, 4 feet thick. 

(3) Very small nodules of phosphate cemented by calcareous matter, 14 inches thick. 

(4) Thin layer of brown quartz sand with small nodules. 

(5) Phosphatic slabs, 10 inches thick. 

These slabs are not flat on the upper side, but irregular and kidney -formed. The 
size of the slabs varies considerably ; some are as large as 3 feet loug by 2 wide. 

Section 3. The occurrence at Jablovsk is as follows: 

(1) Soil and earth. 

(2) Marl, a few feet in thickness. 

(3) Chalk, a few feet in thickness. 

(4) Siliceous marl, with fine grains and pebbles of phosphate, 1 to 2 feet thick. 

(5) Sand a few inches thick. 

(6) Phosphate rock. 

Here the rock comes to sight on the sides of water- worn gullies in the rolling 
country.^ 

The phosphate stratam underlies an immense extent of country, but 
it is often at such an inaccessible depth, that most of it is of but little 
practical value, and it can only be profitably mined where it crops out in 
the ravines. Besides their inaccessibility, the nodules are of poor 
quality, varying, as they do, in their content of phosphoric acid from 
12 to 35 per cent, and averaging only 20 per cent.' The nodules are 
very silioeous, the grains of sand being plainly visible in them. In this 
respect they very much resemble the North Garolina Tertiary phos- 
phates. 

iDr. C. U. Shepard, jr., MSS. ~ ~ 

^Alex. Termoloff, Jour, agric. pratique vol. 1, 1872. 

Bull. 46 8 (587) 
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When the Dodales are cemented together in slabs, the masses are 
generally 1 to 2 feet square and 8 to 12 inches thick. Their upper sur- 
face is smooth, shiny, and mammillated ^ the lower one, which is irregu- 
lar and uneven, shows plainly that the slabs are composed of nodules 
held together by a siliceous and calcareous cement. 

According to Yermoloff the beds of Smolensk, Orel, Kursk, and Wo- 
ronesch contain not less than 6,000 tons»per acre, while those of Tam- 
bov, which are said to be the richest in Russia, contain 20,000 to 30,000 
tons per acre. 

As regards the origin of these phosphates, Count Keyserling thinks 
that they were formed by carbonated waters dissolving the phosphate of 
lime of the bones and other phosphatic matter of dead animals and re- 
depositing it in a bed of siliceous and calcareous marl. 

The existence of ssamorod in central Bussia has been known ever 
since the early part of this century, but its value was not appreciated. 
In the geological survey of Eussia, by Sir E. Murchison, the phosphate 
rock is simply spoken of as '^ a shelly agglomerate and concretionary 
iron-stone," and several deposits of it are spoken of as " ferruginous, 
siliceous, and concretionary banks.'' The discovery that ssamorod is 
a phosphatic rock is due to Professor Ohodneflf, of St. Petersburg, in 
1845. Count A. Keyserling and Professor Claus, of Dorpat, first made 
known the existence of phosphate in the departments of Kursk and 
Woronesch a few years later. In 1866, Professor Engelhardt, in his 
geological survey of Eussia, afforded valuable information concerning 
the extent, value, and accessibility of the phosphatic beds. 

Several factories have been started to make use of these deposits, but 
generally with little success. Large works were started at Ukolowa, 
Eiga, and in Kursk, but were soon closed. The phosphate is of too 
low grade to pay for the expense of mining it. 

Besides the beds already described, phosphatic deposits of much more 
limited extent have been found elsewhere in Eussia. Thus Professor 
Schwackhofer,^ of Vienna, has discovered a deposit of phosphatic nod- 
ules in the Silurian schists of Poland, on the Dniester. The average 
of twenty-five, ^inalyses gave 74.23 per cent, bone phosphate, which 
is much higher than the average of Eussian Cretaceous phosphates. 
The amount of phosphatic material in the bed is, however, very limited, 
and consequently it is of no commercial importance. A phosphatic 
limestone containing 12 per cent, of phosphoric acid had also been dis- 
covered in the government of Novgorod.* 

* Ueber das Vorkommen nnd die BilduDg von Phosphoriten an den Ufern des Dnies- 
ters in Rassisch-Podolien, Galizien nnd der Bukowina, by Professor Schwackhofer. 
2 A. Yermoloflf, Jonr. agric. pratique, vol. 1, 1872. 
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Analyses of the amorphous nodular phosphates of Russia. 

Analysefl given Dr. C. XT. Shepard, Jr., by T. LahuBon, of the Imperial School of Hines, St. Peters* 

barg.J 

[With the exception mentioned under the head of notes all the samples analyzed were nodolor.] 



Locality. 



Belskaea in 
BoslavL 



Bo 



Sesohti in Bos- 
UyL 



Briansk. 
Do.. 



(Toronova 

Linbachina in 
Briansk. 



Do 

EotOYetz 1 n 
SohtyroYOsk. 



lorsk 



Doroff 

Tendovischti. 

londary 

^ytschkoff. . . 
ipask 

Do 

Do 

Do 



Govern- 
ment. 



Smolensk . 



.do 
.do 



Orel. 
...do 



.do 

.do 



...do. 
Kursk 



.do 



Woronesch 

....do 

Tunbov .. 

....do 

....do 

....do 

....do 

....do 



Chemist. 



Engelhardt . . 

Kostytscheff. 
Schmidt 



Engelhardt 
Latschinbff 

Malysohaff . 
Morlijraff... 



Latschinoff 
Malysohaff . 

Latschinoff . 

Malysohaff . 
...do....... 

Yermoloff . . . 

...do 

...do 

...do 

...do 

...do 



Bone 

phosphate of 

lime. 



31. 16 

60.42 to 63.39 
36.18 



36.26 
39.26 

33.37 



45.36 
31.92 

62.66 
69.01 



{ 



28.92 
to 30.89 



36.87 

29.92 to 40.47 

36. 18 to 41. 24 

15.98 to 60.76 

60.00 

40.32 

58.64 

27.57 



Sand. 



43.69 to 50.13 

5.51 to 7.61 
44.57 



39.77 
37.43 

48.25 



28.79 
47.47 

9.15 

11.97 

57.10 
to 63. 70 

. 44.92 

43.29 to 50.45 

45. 26 to 35. 50 

13. 03 to 54. 16 

9.50 

41.28 

12.25 

59.70 



Notes. 



Siliceous. 

Argillaceous. 
Siliceous. 



Green and soft. 
Brown and hard. 

Prepared phosphate 
meaL 



Gray. 



Bkick. 

Cemented in siliceous 

chalk. 
Upper side of flat cakes. 
Lower side. 



Argillaceous. 
Do. 



Analysis by Dr. C. IT. Shepard, Jr., of phosphate rock ground at the mill at TJkolowa, Central Bussia.^1 

Quartz 

)rganiG matter 

ialphate of lime 

k>ue phosphate of lime 

Carbonate of lime 

riaoride of lime 5.. 

Phosphate of magnesia 

\Inmina and oxide of iron 



34.05 


0.90 


1.60 


42.05 


12.23 


6.98 


1.30 


1.16 



I By Dr. C. TJ. Shepard, Jr., Jablovsky phosphate rock.*] 



Fhosphorio acid 

Eqnivalent bone phosphate of lime. 
Sand and insoluble siliceoas matter. 



100.27 



13.35 
29.14 
54.40 



^ Ground phosphate rock partially freed from saud. 

^ A superphosphate made from 12 parts (by weight) of this phosphate and 9 parts 
■tf Bulphurlo acid (specific gravity 1. 50) gave a product which was wet, sticky, and 
icid. 
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[An^yali ot KoutiB pluiBpliaM nek, by TanDoloS] 

PliOBpborie aoid 

Lime 

MagDeaiK 

[Boadui rook pjioiphatas, by TermiflolEl 





1 
1 


■OS 


j 


1 




1 


II 

II 
53 




Eaoo 13.00 

B.SO 27. 4B 
U.TD 12.03 

S3.IM 20.31 

l.tl 31.70 

T.io as. 81 


9.4S 
3-95 
1.98 


1 




80 


12. 00 
39.07 
51.90 


11 


2» 










Block DfiiDanlfe trum anenf the rll^besI beils of the rav- 


0,17 


111 


FoMil bdiii. (n-m »ania JociJityM list, analj.ed at Agri- 


■ T 


Phospbata from BOTorntdBiit of OrRl. amdj-Md at tie 


S-U 






Ll= 













[AiWlyilB of SQuriiD phoipbate rodk bom the Dnloater, b; Piofouoi Sabwaokhofar.] 

Pboapliateoflime 74.33 

Saudand iiiHOliible matter. .-.* S.61 

Fluoride of lime ; 6.00 

Oxide of iroD 0.50-6.0 

FH08PHATI0 LmESTONE BEDS. 

TJuder tbis headiDg are included those Bedimeatary limestonea wliioh 
contain considerable quantities of plioaphate of lime. Sucb deposits 
bave been fonnd in Kentucky; and Yermoloff mentions tbat a lime- 
atone containing 12 per cent. pboBpbate of lime exists in tbe govern- 
ment of Kovgorod, Kassia. 

Most limestones contain a small per cent, of pbospbate, but aa yet 
very few have been found wbicb contain large amounts, and noiie aie 
known which have become of commercial importance. 

PHOSPHATIC LIUKaTONES OF KENTUCKT. 

Several beds of phosphatio limestone have been discovered by Pro£ 
2f. S. Sbaler in Kentucky, but the one richest in phosphate of lime was 
found in Fayette Oounty.' It belongs to the lower part of the Cincin- 
nati group and consists of a thin stratum, never reaching a greater 
thickness than from 6 to 12 incbes. It is a *' somewhat friable rock of 
a bluish gray color; brownish gray on the weathered surfaces; contain- 
ing many microscopic marine univalve shells. Adheres strongly to the 
tongue." It is much more brittle than the associated limestones, and 
contains 31.815 per cent, of phosphoric acid. It is probable that beds of 

' Qeol. Surrey Kentucky, N, S. SUalor, Director, 1S78, New Series, vol. 4, p. 66. 
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this kind derived their phosphate of lime from the namerous auimals, 
having phosphatic shells, which inhabited the Silarian sea. 

Phosphatic limestone beds, like those just described, supply the soil 
of the sarroufading country with large quantities of phosphate of lime^ 
and it is very likely that the wonderful fertility of some districts in the 
limestone regions of Kentucky and Virginia is due to the decomposition 
of such beds. 

Analysis of Fayette County phoaphatiolimeaionef hyDr, Peter (Kentucky Geoh Surv., 1878). 

Dried at 212° F. 



• 



Phosphoric acid, lime, magnosia, alamlDa, iron oxide 85. 270 

Carbonate of lime 9.180 

Carbonate of magnesia 371 

Silica and insoluble silicates 4.780 

Fluoride of calcium, alkalies, organic matter, etc., not estimated 399 

Total 100.000 

GUANOS. 

The class of guanos includes all those deposits which are largely, or 
entirely, composed of the excrement of birds. Such deposits are sub- 
divided into solvhle guano and leached guano. The former is com^iosed 
of deposits which have preserved all, or a large part of, their soluble 
ingredients, while the latter includes such as have lost these soluble 
constituents by the action of rain or sea- water, and have been converted 
into a mass, insoluble, or almost insoluble, in water, and varying, in 
consistency, from a loose powder to a hard compact rock. 

The soluble guanos will be treated first, and then the leached guanos 
will be described. 

SOLUBLE GUANO. 

Most of the soluble guano of commerce has come from the coast of 
Pern. It has been used in that country for agricultural purposes from 
very ancient times. Of such value was it esteemed by the natives that 
the punishment of death was imposed by the early Incas and their 
Spanish su^ccessors on any one who was found killing the birds that 
made these precious deposits. Peruvian guano was first recommended 
(1804) to be used in the raw state for agricultural purposes in Europe 
by Humboldt, who brought a specimen from the islands off the coast of 
Peru ; but it was not exported in any considerable quantities until 1842, 
when 182 tons were shipped to England. After that time the use of it in- 
creased very rapidly until 1870-1875, when the best beds were exhausted, 
and the use of acidulated phosphates gradually drove the poorer qual- 
ities almost entirely out of the market. It is still imported to the United 
States and Europe as a source of superphosphate. In the raw state 
very little of it is used compared with the immense quantities of super- 
phosphates now sold. 

(591) 
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The followiug tables nill show the importa iuto Oreat Britaiu, Ger- 
many, and France : 

Import* into Great Britain (Stoekhardf). 

Cirt. Crt 

1844 20o.6oa l«15 6,liH,-2iO 

1845 -■ ft«8,600 1856 3,83«,ft» 

1846 I,7»4,t)(i0 1857 5,7(i7,aO 

1847 l,l>4-,b4U 1858 7,0TU,Sa) 

1848 l,4iM,2S0 1859 l,6fti,141) 

1849 l,CCe,760 1860 a.SiSiTHl 

1850 a.:l;!8,500 1861 :t.56H,46l) 

1851 ! 4,M(W,-irt) lSfi-2 2,832,731) 

1S)3 2.r.97,78l) iwa 4,671.480 

1853 2,4ti3.:W0 1872 in.lW 

1854 4 47C,aau 18r3 184,ffil 

Importi into Gernaiiy (ifejrn).' 



1863 

1864 



law 59,000 

1S58 3S,{>00 

1B59 3;(,000 

1860 40,000 

1861- 38,000 



The deposits of guano are fonnd mostly on the islandB on the coastof 
Peru and Bolivia. Tbey are also found on the mainland, but these are 
not 8o large as those on the islands. Tlie deposits consist of the excre- 
ments of flamingoes, divers, penguins, and other sea fowls, mixed with 
the carcasses of these birds, as well as those of seals, sea-lions, and other 
marine animals, which inhabit these seas in vast numbers. The gaano 
is generally pulverulent on the surface, but becomes compact at a deptb. 
It is in some pla<!es over a hundred feet in thickness, and is white to 
brown in color. There often occur in it small lumps containing ammouia 
gaits, and others containing large quantities of phosphate of lime or silica. 
Gypsum is also abundant in some of the guano beds. The phosphates in 
tbe guano occur largely as tricalcic, dicalcic, ammonio-magnesic, and 
ammonic phosphates, so that a large part of it is in a very soluble lorm, 
hence its value as plant food. There is also in the guano a soluble baw 
called guanine, with tbe formula C^B5N50. It will thus be seen 
that, tbongh some of th^ ingredients of guano are insoluble, others are 
very soluble, and, for the preservation of such a deposit a very dry 
climate is oecessary. The coast of Peru is peculiarly adapted to the 
formation of gnano beds, not only on account of the absence of rain, but 
'Die natUTlicUen Plmaijliate, 
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also on accoant of the large flocks of sea birds which inhabit the isl- 
ands along the coast and feed on the vast schools of fish swarming in 
the surrounding seas. 

The first beds that were mined were on the Ghincha Islands, off the 
coast of Peru. The guano of thiis locality was the richest of all the 
deposits on the South American coast. The islands are small, rarely 
more than three miles in circumference, and the beds were practically 
exhausted as early as 1872. Among the other islands which have been 
worked and stripped of their valuable deposits are those of Macabi and 
Guanape, north of the Gbincha Islands, as well as those of Ballestas, 
Lobos, Foca, Pabellon de Pica, Tortuga, Huanillos, and many other 
islands on the same coast. As will be seen from the analyses, the com- 
position of the guano from these localities varies considerably. It de. 
pends on the circumstances under which the deposit was formed, such 
as the amount of rain, the exposure to the spray of the sea- water, and 
other conditions. 

Though the Peruvian coast is the most important locality for guano, 
yet it has been obtained in considerable quautities in other places also. 
It is found near the Gape of Good Hope and northwest of it, at Sal- 
dauha Bay. It is also found on the island of Ichaboe, as well as at 
Algoa Bay, which is on the southern coast of Africa. The guano from 
these African localities has often been leached by the action of rain and 
sea water, but it is also found contaiuing large quantities of soluble 
salts of ammonia and phosphorus. The island of Ichaboe contained 
200,000 tons of guano, all of which was removed in fifteen months after 
its discovery in 1844. • 

Soluble guano has been found on the Kuria Muria Islands, on the 
coast of Arabia; at Shark's Bay, Australia, and at many other places 
in small quantities. The variety known as "bat guano'' is generally^ 
found in caves, and consists of the dung of bats, mixed with the bodies 
of their dead, as well as with the remains of rats, mice, etc. Such de- 
posits are of very limited extent. They are found in many places in 
America and Europe. In the United States bat guano is found in In- 
diaoa, Kentucky, Alabama, and many other States. Kear San Antonio, 
Tex., there are several caves containing large quantities of it. Itis 
also found in many places along the coast of the Mediterranean, affd 
especially in Italy. 

Analyses of soluhU guano. 

[L Mean of 21 analyses of Macabi Island guano, by Bamd.] 

Nitrogen 10.90 

Phosphates 27.60 

Potash 2 to 3 

• 

flT. Analysis of Macabi gnano, by Bobierre.J 

Water 30.80 

Bone phosphate 35.50 

Nitrogen a22 

(593^ 
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[KL Analyais of Guftftape Ishmi gnano, by Dr. C. U. Shepard, jr.] 

Nitrogen 8.20 to 12.80 

Phosphorio aoid 10. 77 to 17. 02 

Sand and siliceouB matter 0.75 to 3.75 

Water 11. 83 to 29. 96 

[lY. Avenge of 22 analyiee of GnafiApe gnano, by Borral.] 

Nitrogen 10.95 

Phosphates 28.00 

Potash 2 to 3 

[Y. Analysis of Gnafiape gnano, by Bobierre.] 

Water 24.00 

Sand 1.30 

Organio matter JEind ammoniacal salts (1).... • 37.00 

Bone phosphate of lime • • 36.00 

Undetermined matter • 1.70 

100.00 
(1) Nitrogen 7.75 

[YL Analyses of solable gnanos, by Deli6rain.] 



Organic matter 

Containing nitrogen 

Equivalent in ammonia. 
Total phosphates 



Angamos, coast 

of Bolivia. 
White gnano. 



70. 21 to £2. 93 
20. 00 to 14. 88 
24 36 to 17. 44 
18. 30 to 20. 95 



Bolivian. 



23.00 
3.88 
4.10 

48.60 



Los Fatos. 



32.45 
5.92 

7.18 
34.81 



Island of Elide, 
coast of 
California. 



27. 37 to 84. 50 

1.34 to 6.98 

1.62 to 8.46 

< 28. 00 to 31. 00 



tlotde 
Pedro-Bey, 
coast 01 

Cuba. 



6.16 
0.28 
0.34 

4&52 



Organic matter 

Containing nitrogen 

Equivalent in ammonia 
Total phosphates 



Mexican coast. 



13. 05 to 18. 00 
0.21 to 3.45 
0.26 to 4.19 
8. 00 to 25. 00 



Galapagos, 
Ecuador. 



0. 7 

0.85 

60.30 



Falkland 
Tslands. 



17. 35 to 28. 68 
0.56 to 2.26 
0.68 to 2.74 

121. 46 to 25. 62 



> Containing sometimes very considerable quantities of phosphates of alumina and the oxide of iron. 

w [Vn. Analysis of Peruvian guano by Dr. Ure, Am. Jour. Agric, 1845.] 

Uric acid 10.50 

Ammonia 19.00 

Phosphoric acid 14.00 

Lime and magnesia 16.00 

Salts of soda and potash 6.00 

Oxalic acid, with carbonic andmnriatic acids 13.00 

Water 13.00 

Sand..-.. 2.00 

Volatile and organic matters 6.50 

100.00 
(594^ 
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[ym. AnalTsit of Penivlaii giuuio, by N'Mbit^ Agrkmltanl Chemlrtry, London, 1850.] 

Moisture , 15.10 

Organic matter, etc. (1) 51.27 

Silica - 2.20 

Phosphate of lime 22.13 

Phosphoric acid 3.23 

Equal to phosphate of lime, 7. 00. 

Alkaline salts, etc 6.07 

100.00 

(1) Nitrogen 13.54 

(1) Ammonia : 16.42 

[IX. Analysis of Ichaboe gnano, Am. Joar. Agric, 1845.] 

Ammonia 13.50 

Hnmic acid 4.00 

Phosphates 25.00 

Oxalic, etc., acids 20.00 

Salts of soda, etc 7.00 

Water and volatile matter 27.50 

Sand 3.00 



100.00 



[X. Analyses of solable gaanos, by Nesbit, Agricnltnral Chemistry.] 



I Moiature 

; Organic matter, etc. (1) 
! Sand 

Phosphates 

Alkaline salts, etc 



(1) Kitrogen 

(1) Eqaal to ammonia. 



Angamos. 




10.90 


67.36 


1.04 


16.10 


4.60 


100.00 


19.95 


24.10 



12.55 
61.07 

5.36 
13.76 

7.26 

100.00 

1a24 
22.12 



Peru- 
vian. 


Chilian. 


Boliv- 
ian. 


Saldanha 
Bay. 


Shark's 
Bay. 


0.30 
57.30 

0.75 
23.05 

0.60 


20.46 
18.50 
22.70 
81.00 
7.54 


16.00 
18.16 

8.16 
60.23 

7.45 


17.92 
14.08 

2.80 
59.40 

5.80 


14.47 
7.85 
14.47 
29.54 
33.67 


100. 00 


100.20 


100.00 


100.00 


100.00 


15.54 
18.87 


4.50 
5.47 


2.11 
2.56 


0.63 
0.76 


0.35 
0.47 



fXI. Analyses of Pernvian gnano and of Ichaboe guano ; from The Cultivator, vol. 1, 1844.] 



Water and volatile ammonia 

Organic matter and am moniacal salts 

Chloride and sulphate of soda 

Insoluble siliceous matter 

Phosphate of lime and little phosphate of magnesia « . 

Carbonates of lime and magnesia 



Peruvian 


Ichaboe 


guano. 


guano. 


16.27 


8.14 


5L44 


63.52 


6.50 


6.02 


0.57 


1.16 


21.11 


22.20 


6.11 


4.96 


100.00 


100.00 
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[XII. Analyses of soluble ffoano, by Norton, Elenibnto of Solentitlo Agrioultore* 1800.] 



\ .. . - . 


Bolivian. 


PernvlAu. 


ChUiuk. 


lohaboa 


tVater 


5to7 
56to«4 
25 to 29 


7 to 10 
Mto66 
16to^ 


10 to 13 
SOtoSO 
22to80 


18to26 
80to44 
21to29 


OrfTAnin mattAr nnA tunvnt\n\swA\ uaMu 


PhosDhfttos ...........1... 





fXIII. Analyses of soluble gnanos, Cameron, Cbemistry of Agriculture. 



Water 

Organic matter 

Yielding ammonia 

Earthy phosphates 

Carbonate of lime 

Alkaline salts 

Sand, day, and other useless 
matter 



Upper 
Peruvian. 



Ichaboo. 



10.00 
21.68 
(4.50) 
5L50 



14.12 
2.70 



100.00 



20.00 

24.40 

(6.00) 

20.40 



6.20 



29.00 



100.00 



Bird 
Island. 



15.00 
6.50 



87.25 

40.00 

1.15 

0.10 



100.00 



Cuban. 



2&00 
4.10 



43.70 
24.10 



2.10 



100.00 



Kuria 
Muria. 


Pataga 
nian. 


18.10 


25.00 


12.41 


18.80 


(2.05) 


(2.00) 


42.67 


44.00 


4.19 
4.13 




2.10 


18.50 


10160 


100.00 


100.00 



fXIV. Analysis of soluble guano from " an island in the Pacific," by B. S. Bum, Year-Book of Agri* 

cultural Facts.j 

Water 4.60 4.60 

Organic matter and amnioniacal salts 16.85 16.38 

Phosphates n.40 69.i.0 

Carbonate of lime 3.15 7.90 

Alkaline salts 3.90 1.07 

fland 0.10 0.15 



Ammonia 



100. 00 100. 00 
1.32 1.2G 



IXY. Analysis of bat guano. Report Indiana Geological Surrey, 1879, p. 163.) 

Loss at red heat 44.10 

Organic matter 4.90 

Ammonia 4.S6 

Silica 6.13 

Alamina 14.30 

Ferric oxide 1.20 



Lime 



7.95 



Magnesia l.U 

Salphuric acid 5.21 

Carbonic acid 3.77 

Phosphoric acid - 1.21 

Chlorides of alkalies and loss 5.87 



100. 00 



LEACHED GUANOS. 



. The second sabdivision of gaano deposits is leached guano. It is 
either pulverulent, or in a more or less solidified mass, and consists of 
guano from which all or almost all the soluble constituents have been 
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dissolved by the action of rain and sea water. It is foand most plenti* 
fnlly OQ some of the small islands in the Pacific Ocean, northeast of 
Australia, and on many of the West India Islands. It is also fouud in 
some places on the coast of Chili, as on the promontory of Mexillones. 
Here it occors as a light yellow phosphatic powder, containing Inmps 
of the same snbstance and averaging 75 to 81 per cent of bone phos- 
phate of lime. 

Leached guano is found in the Pacific principally on the islands ly- 
ing between longitude 150© to 180o west and latitude 1(P K. to IQo S. 
Most of this area was put by Congress under the protection of the 
United States in 1856. It contains some forty guano islands. They 
are all small and low, and are built up by the formation of coral reefs. 
Often there is a salt-water lagoon in the center of the island. Among 
the richest localities are Baker, Howland, Jarvis, McKean, Maiden, 
Starbuck, and Phoenix Islands. The guano is generally pulverulent 
on the top, and more or less solidified below. Occasionally the soluble 
portions have been washed into the underlying coral, forming a phos- 
phatic limestone. The following is a section on Baker Island : 

(1) Palvemlent leached guano, yellow. 

(2) Denser stratum of same substance as (1). 

(3) Coral rock containing gypsum. 

On Jarvis Island a bed of gypsum has been formed by the evapora- 
tion of a central lagoon. Overlying this is a deposit of leached guano, 
from one inch to one foot thick, covered by a phosphatic crust. Under 
this crust the bed contains both basic and neutral phosphate of lime. 
This fact is thought by Dr. 0. U. Shepard, jr., to be due to the decom- 
position of the tribasic phosphate by the gypsum. Occasionally con- 
cretionary nodules, composed of interstratified layers of phosphate of 
lime and ^psum, are found. On Maiden Island there is a boggy de- 
posit, which gives off sulphureted hydrogen from the mutual decompo- 
sition of the guano and the gypsum. 

In the West Indies, leached guano has been found on many of the 
coral islands and reefs, all the way from the Bahamas to the coast of 
Venezuela. Among the principal localities are Sombrero, Navassa, 
Turk, St. Martin, Aruba, Cura^oa, Orchillas, Arenas, Roncador, Swan, 
and Oat, or Guanahani Islands, the Pedro and Morant Keys, and the 
reefs of Los Monges and Aves in Maracaibo Gulf. The phosphate from 
the different localities varies very much. That from Maracaibo Gulf oc- 
curs in a compdiCt or granular form of a light brown color. Sometimes 
it is distinctly mammillated, and at other times it has a concentric 
structure. It often has a white phosphatic enamel like that which 
covers the basalt of Ascension Island. The deposit contains many fish 
bones, and is rich in phosphate of lime, which sometimes amounts to 
over S5 per cent, of the rock. The Sombrero Island phosphate occurs 
in two forms; (1) As agranular, porous, and friable mass, in color 
white, pink, green, blue, or yellow j (2) as a dense, massive^ w\^ VL^csPKssi- 

mi) 
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geneoos deposit of a white or yellow color. It contains 75 to 80 per cent, 
of phosphate of lime. Many bones occnr, and at times the deposit takes 
the form of a real bone breccia. The principal rock of the island is a 
palagonite tufa^ filled with shells and boncR. 

The Navassa phosphate is found on an aninhabited island^ consisting 
of a terrace encircled by a high plateau. The phosphate is found in 
pockets in the living coral^ and in the nnmerous depressions and hollows 
on the island. It is of a dark brown color, and is composed of a hard 
mass of oolitic grains. It contains 10 to 15 per cent, of alamina and 
oxide of iron (Meyn), and is therefore not very popular as a source of 
superphosphate, as it makes a sticky product. 

The phosphate of Aruba Island is of a hard, massive variety, and is 
white to dark brown in color. Occasionally the underlying coral on this 
island, as well as on many others in both the West Indies and the Pa- 
cific Ocean, has been phosphatized by the infiltration of the soluble 
parts of the original guano deposits. Thus at Aruba large masses of 
coral, containing 70 to 75 per cent, phosphate of lime, are found. 

Several distinct phosphate minerals occur in pockets in the phosphate 
beds in the West Indies. One of them, known as pyrophosphorite, was 
described by Dr. 0. U. Shepard, jr., in the American Journal of Science, 
January, 187S. It is snow white, amorphous, opaque, and hasa fracture 
like magnesite. It has a hardness of 3 to 3.5, and a specific gravity of 
2.50 to 2.53. It is essentially an ortho- pyrophosphate of lime with 
pyrophosphate of magnesia, and has the formula Mg2P207+4(Ga3P208, 
OaaPaO,). 

On the islands of Mona and Moneta, in the West Indies, occur the 
minerals monite and monetite. They were described and named by 
Prof. 0. U. Shepard, sr., in the American Journal of Science, May, 1882. 
The monetite occurs as a crystalline mineral, of a white or brown color, 
in association with monite, which is a white, soft, incoherent mass. 
Monetite is a crystallized dicalcic ortho-phosphate and has the formula 
, CaHP04. Monite has the formula Ca3P808+H20. 

Deposits of leached guano have been found on several islands in the 
Gulf of California. The deposit on Baza Island averaged over 41 per 
cent, of phosphoric acid, which corresponds to over 85 per cent, of phos- 
phate of lime. (See analyses.) The beds in this island have been 
exhausted. 

The deposits of the West Indies supply most of the leached guano 
now sold. Gura9oa annually produces 50,000 to 70,000 tons, and Som- 
brero about 10,000. The other islands produce much less. The Pacific 
Ocean islands are, at present, little worked. The difficulty with many 
of the West India deposits is that they contain large quantities of phos- 
phate of iron and alumina, which make them very undesirable as sources 
of superphosphate. On some of the islands there occur beds of almost 
pure phosphate of iron and alumina. 

(598) 
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Table 0fanalff$e$ of Itaehed ^noiim. 

[I. AnalyMs of Baker Island guano (constitaents, lamps, erost. ooral roek, etc), by Siegert] 



Water 

Combustible matter (1) 

Potash 

Soda 

Lime 

Magnesia 

Phosphoric acid 

Sulphnrio acid 

Carbonic acid 



Total.. 
(1) Nitrogen 



0) 



Lis 
2.67 
0.10 
0.45 

53.78 
0.27 
0.00 
L40 

89.08 



(«) 



100.00 



0.00 



10.25 
6.11 
0.44 
0.73 

43.83 
0.42 

33.87 
2.07 
3.18 



(») 



100.00 



S.08 
4.02 
0.43 
0.02 

43.44 
0.60 

83.62 
6.81 
1.43 



(«) 



100.00 



aoo 



aoo 



0.90 
4.47 
0.46 
L21 

45.82 
1.89 

38.96 
L16 
5.11 



100.00 



0.00 



« 



8.20 
8.80 
0.62 
1.13 

40.63 
1.75 

87.16 
1.17 
1.04 



loaoo 



0.92 



0) Unchanged coral white rock. 

O Yellovr-brown crast, often several inches thick, with white interior, of coralline stmctnre. 
(') Gray -brown bolls, soft to pnlvemlent, often several inches thick; coralline stmctore feebly 
marked. 
{*X Porcelain-like cakes, smooth or rough, soft, 1 to 4 inches thick, and in paraUel platea. 
(1^) Whole guano powdered. 



[II. Analysis of Howland Island gnaae, by Drysdale.] 

Water 7.20 

Combustible matter 14. 18 

Phosphates 75.32 

Snlphate of lime 1.60 

Carbonate of lime • 1.27 

Chloride of alkalies 0.43 

Sand Trace 



[m. Analyses of Jarvis Island guano, dried at 105 C] 

Powder. 

' Water of combination and oombastible matter 20. 80 

Anhydrous snlphate of lime 30.00 

Phosphatesoflime and magnesia 43.20 

Siliceous residue 2.00 

Undetermined ingredients and loss 4.00 



100.00 



Lumps. 

18.50 
5.00 

73; 00 
1.00 
2.50 



100. 00 100. 00 

[IV. Analyses of PhcBnix Island guano, by Bumpier.] 

Water 1.19 2.08 

Combustible matter 2.03 5 22 

Phosphate of lime 76.00 70.70 

Phosphate of magnesia 5.19 13.47 

Carbonate of lime 0.68 10,50 

Sulphate of lime 0.34 5.10 

Nitrogen in the combustible matter 0.39 0.77 

(699) 
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[V. AnalysiB of Avet guano, by VSlcker.] 

Water 2.89 

^Organic matter and water of oombination I 7.93 

Lime 39.48 

Magnesia 1.17 

Phosphoric acid i... 41.34 

Snlphnrio acid ,....« 4.57 

Insoluble siliceoas matter '. 2.28 

99.16 
Containing nitrogen ... ^ 0.139 

[YI. Analyses of Navassa phosphate.] 

Bret- 
Gilbert. Schneider. 

Water 3.01 3.54 

Organic matter and water of combination 7.17 4.64 

Lime 40.19 38.35 

Magnesia 1.72 

Scqnioxide of iron ) ,^ ^^ 3.40 



!"• 



Alnmina > ' 6.50 

Potash 0..34 

Soda 0.32 

Phosphoric acid * 33.28 35.60 

Sulphuric acid 0.19 

Chlorine 0.08 

Carbonic acid 2.15 2.58 

Silica...- 1.34 

Sand 2.53 1.31 

100.00 99.91 

[Yll. Analysis of Baza Island phosphate, by Dr. H. Gilbert.) 

Water , 1.92 

Neutral phosphate of lime 58.78 

Bone phosphate of lime : : 18.86 

Tribasic phosphate of magnesia 3.32 

Sulphate of lime 8.26 

Oxide of iron 0.99 

Silicic acid 3.38 

Organic matter 4.81 

100. 32 
BONE BEDS. 

These deposits inclade beds which are composed largely of bones,* 
They occar principally as cave and lacustrine deposits. 

CAVE DEPOSITS. 

Caverns have always been the places of refnge and the sepulchers ut 
many kinds of animals, and sometimes bones have collected in them in 
sufficient quantities to form beds many feet thick. Such deposits are 

^The phosphate beds of South Carolina and other similar deposits do not belong 
under this heading, for, though many bones occur in them, they are few compared 
wJtb the accompanying phosphatlc nodules. 
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much larger and more plentiful in Europe than in North America. The 
reason for this seems to be that in this country there were none of the 
camivora, such as the jackals and hyenas, which have the habit of drag- 
ging their prey to their lairs. Consequently our caverns, nofwithstand- 
ing their abundance and the great number of animals which have lived 
about them, are generally wanting in the extensive osseous breccias 
which characterize many caves iq England, France, Germany, Hun- 
gary, Italy, and many other parts of Europe. 

Many of the caves of the Southern States have been much resorted 
to by bats. The excrements of these creatures, together with the bones 
of those that have died there, have in many cases formed extensive 
•beds of phosphatic and nitrogenous matter.^ During the early part of 
this century, and during the civil war, saltpeter was extensively man- 
ufactured from them, and some of them have also been worked as a 
source of phosphate of lime. 

LACUSTRINE DEPOSITS. 

These deposits occur generally about the swampy margins, of salt 
licks, as at Big Bone Lick in Kentucky^, and in the ancient lake de- 
posits west of the Mississippi Eiver, as in the Mauvaises Terres of Ne- 
braska. Similar beds are also found in many parts of Europe. The 
bones found in such localities are the i^emains of animals which came to 
the swamps to lick the salt found there, or in search of refuge. Many 
died natural deaths, while others were mired in the boggy earth, and, 
being unable to extricate themselves, perished. In this way bones ac- 
cumulated often in very considerable quantities. 

These deposits, as well as those of the cave class, are generally too 
limited in extent to be of any commercial importance. 

^ These deposits have been described ander the heading of Gaauos. 

^ An acconnt of this deposit may be found in an appendix to Mr. J. A. Allen's mono- 
graph on The History of the Buffalo, in the memoirs of the Kentucky Geological Sur- 
vey, Vol. 1, 1876. 

(601) 
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ANALYSES OF WATERS OF THE YELLOWSTONE 

NATIONAL PAKK. 



By F. a. Gooch and J. E. Whitfield. 



INTRODUCTION. 

The series of waters — forty-three in all — of which it is the purpose of 
this paper to give some accoant comprises typical representatives of 
the geysers, hot springs, mud springs, cold springs, and surface wa- 
ters found within the limits of the Yellowstone Park. It embraces 
collections made during the field seasons from 1883 to 1886 under the 
direction of Mr. Arnold Hague, geologist in charge of the Yellowstone 
Park Division, and submitted to us for analysis. In our account we 
have to deal simply with the results of analysis and with the analj'^ti. 
cal processes we have used — with the latter on the ground that some 
knowledge of the methods employed in the examination and of the 
quantities of material at our disposal is essential to a correct under- 
standing of the meaning and value of the analyses themselves. Dis- 
cussions of the broader chemical aspects of the problems which are in- 
volved in a thorough consideration of the relations of these waters, of 
correlative matters of geological interest, and of the physical phe- 
nomena belong properly to others. 

The difficultiei^ in the way of collecting and transporting large quan- 
tities of water in a region comparatively inaccessible were such that the 
number of large samples, for the more complete analyses, was restricted 
to a half-dozen ; but, though at the beginning of the examination it was 
supposed that a partial analysis, such as might be made with smaller 
amounts of material, must suffice, it happened, fortunately, that the 
development of certain methods as the work progressed has so far ex- 
tended the reach of the analyses of the smaller samples that from them 
it is possible to deduce results of fair accuracy, and, if such elements 
be left out of consideration as are shown by the more elaborate analysis 
to be present either not at all or only as traces in closely comparable 
waters, nearly as comprehensive results as those drawn from the ex- 
amination of the larger samples. 

(9) ^ 
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OPERATIONS IN THE FIELD. 

The examination of the waters was necessarily confined in the field 
to a very few points. Note was made of the clearness or turbidity y the 
reaction to litmvis and turmeric, the temperaturcj and the presence or 
absence of hydrogen sulphide. The tests for the last were the sense of 
smell and the action of the water npon a polished silver blade. 

The operations of collecting and preparing the samples for transporta- 
tion were carried out as simply as possible. The water was bottled in 
boxed demijohns when it was possible, and otherwise in beer bottles, 
In every case great care was taken to clean the receptacle thoroughly 
and rinse before bottling with some of the water to be examined. In 
the greater number of cases the waters were so marvelously clear that 
filtration was entirely superfluous. When, however, the need and op- 
portunity occurred the waters were filtered previous to bottling. All 
samples were corked tightly and sealed hermetically. 

The size of the sample varied from a half liter to one hundred liters, 
according to the purpose for which it was taken; but the great bulk of 
the largest samples was, in every case excepting one, reduced greatly 
by the evaporation of the main portion of the sample previous to bot- 
tling. In the one exceptional case the sample was taken for the specific 
purpose of examining it as to its contents in the heavy metals, and was 
kept for subsequent reduction in porcelain in the laboratory, in order 
that the danger of contamination by the tin or copper of the tin-lined 
still which was employed to effect the reduction in the field might be 
precluded. No attempt was made to fix with more than a rough ap- 
proximation the quantities of water evaporated. The concentrated 
waters, with the rinsings of the slill in the natural water of the charge 
(such portions of the residue as adhered to the walls of the vessel hav- 
ing been dislodged as completely as possible by gentle friction with a 
rubber or the ball of the finger), were carefully bottled and sealed, and 
the determination of the degree of concentration was left to be effected 
in the laboratory in a manner to be described later. A portion of the 
water represented by the concentrated sample was always reserved ia 
the natural condition for examination. 

For the determination of hydrogen sulphide special samples of from 
600 cm^. to 700 cm^. were generally taken, and to each, if the water did 
not carry free sulphur, was added ^before corking and sealing a smaH 
amount of lead acetate in crystals. Doubtless it might have been well 
to fix the hydrogen sulphide similarly in the case of waters carrying 
free sulphur, having first separated this by filtration ; but on the few 
occasions when that need arose the means of removing the sulphur 
were not at hand. In these cases, therefore, the samples were simply 
bottled and sealed with care, and kept for examination in the labora- 
tory. 

Nearly all the waters examined were hot when the samples were 
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taken and not surcharged with carbonic acid. It was considered nu- 
necessary, therefore, under the circumstances, to take a special sample 
for the determination of the carbonic acid and treat it in the field so 
as to fix that gas in insoluble form, but for this estimation reliance was 
placed upon the general sample which, as has been said, was corked 
and sealed with great care. 

OPERATIONS IN THE LABORATORY. 

The operations in the laboratory comprised the determination of the 
specific gravity of the waters and, in the concentrated samples at hand^ 
the estimation of the followiug substances : 

* Silicic acid. Iodine. Barinm. 
Titanic acid. Fluorine. Strontium. 

* Sulphuric acid. * Sulphur. • Calcium. 
Sulphurous acid. . * Hydrogen sulphide. * Magnesium. 

* Carbonic acid. Copper. Cesium. 
Nitric acid. Lead. Rubidium. 
Nitrous acid. * Arsenic. * Potassium. 
Phosphoric acid. Antimony. * Sodium. 

* Boric acid. * Iron. * Lithium. 

* Chlorine. * Aluminum. * Ammonia. 
Bromine. Manganese. * Albuminoid ammonia. 

In analyses for which the natural water alone was available those 
substances only were sought which are marked in the table with an 
asterisk (*). 

The determination of what is known as the total residmy the amount 
of solid matter left upon evaporating a known amount of water, is 
usually regarded as desirable, if for no other reason than to serve as a 
control of the summation of the determinations of the individual con- 
stituents ; but the complexity of these waters and the relations of the 
combined salts are such that it is not possible to arrive at the same end 
in two successive treatments by evaporation and desiccation of the 
residue. The action of free silica, which is an abundant constituent of 
the waters, is tcf set free during the process carbonic acid from the car- 
bonates and boric acid from the borates ; to magnify the tendency of 
the chlorides of calcium, magnesium, and lithium to exchange chlorine 
for oxygen, and, if the temperatures be pushed sufficiently high, to 
dehydrate the silica and to volatilize sulphuric acid. Furthermore, the 
extent of such action is variable and indeterminate. There is obvious 
reason, therefore, for the difficulty which we experienced in obtaining 
residues of constant composition; and similar obstacles, as we found 
practically, oppose the attempt to reduce the residue to a definite con 
dition by evaporation and ignition with sulphuric acid in excess. By 
means of no device which occurred to us (and several lines of experi- 
mentation which need not be mentioned here were followed) were we 
able to apply, in any form, this general method of control. The i^\!o<^€. 

(11) 
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of th^ accaracy of oar analytical work rests, therefore, apon the agree- 
men t of daplicate determinations. 

For convenience in the matter of arrangement, we describe first those 
methods of analysis which were applied to waters in the natural condi- 
tion ; and the account of the treatment of concentrated waters follows. 
Methods for the determination of certain substances are described under 
both heads. For when the entire work was done upon the natural 
water the mode of examination was sometimes made, of necessity, by 
processes different from those which were applied in the examination of 
concentrated water ; and under reversed conditions the converse was 
true. In some of the earlier analyses methods were employed which 
latei: experience taught us might be advantageously replaced by proc- 
esses which were developed subsequently. In the account of the 
methods employed all of these are placed under the proper head ; ' and 
in the statement of analyses mention is made, when there might be 
doubt, of the particular method adopted. 

TREATMENT OP NATURAL WATERS. 

Specific gravity. — The figures which stand for the specific gravity of a 
water represent the weight of any volume of the water under consid- 
eration at 15.50 0. compared with the weight of the same volume of 
distilled water at the same temperature. The determinations were nearly 
all made with a Geissler bottle, fitted with a ground tubular stopper and 
cap, and a thermometer. In a few of the earlier determinations a bulb- 
apparatus similar in general principle, but wanting the immersed ther- 
mometer, was employed. The temperature of the water in the bottle 
was taken immediately after the final adjustment of volume, and the 
latter was eifected instantly and without handling after the filled bottle 
had been permitted to stand a few moments to bring about an equal 
distribution of temperature. When the bulb-apparatus was employed 
the temperature of the water was taken before filling the bulb and after 
weighing, and the mean of the two readings was assumed to be the 
temperature of the water at the time when the volume was adjusted. 
The weight shown by the balance was taken as the weight of the water 
which would fill the apparatus at the temperature noted. The weight 
of the same volume of the water at 15.5o C. was calculated from the 
weight observed, upon the assumption that the co-efficient of expansion 
of the water under examination was the same as that of pure water. 
The rates of the value thus found to the value found by a similar treat- 
ment of pure water is the specific gravity at 15.5o C. It is obvious 
that, in order that the assumption of the identity of the co-efficients of 
expansion of the water under examination and of pure water may be 
the occasion of the least error, the observed temperature must be as 
near 15.5^ O. as may be ; and that the temperature of the balance- 
room should be not far from the same, in order that errors which may 
arise from changes of temperature in the water during the manipnla- 
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tion, and from the establishment of air-corrents in the balancecas^ 
may be less liable to occur. So far as we were able these sources of in- 
aocaracy were guarded against, but the conditions under which the 
work was performed necessitated the application of corrections rather 
greater than we should wish. The figures which represent the specific 
gravity in the statement of the analyses are probably not accurate be- 
yond the fourth decimal place. 

Hydrogen sulphide and free sulphur. — Hydrogen sulphide in waters- 
which did not carry free sulphur was determined in the special sample 
to which lead acetate had been added in crystals at the time of bot- 
tling. Before breaking the seal of the bottle a scratch was made upon 
the neck on the line of the meniscus of the water within, and the vol- 
ume of the sample— usually about 600 cm^ — was determined subse- 
quently with sufficient accuracy (the amount of hydrogen sulphide pres- 
ent being always trifling) by finding the volume of water necessary ta 
fill the bottle to the mark. The precipitate which had been formed in 
the bottle by the addition of lead acetate was left undisturbed at first, 
and the supernatant liquid decanted as completely as possible. Then 
the precipitate was easily removed, and for the most part dissolved by 
means of a little sodium hydrate in solution, and the solution and re- 
maining precipitate were added to the water previously decanted. At 
this point the lead sulphide showed itself, if any was present, and 
was collected without difficulty by filtering the alkaline liquid in which- 
it floated through a felt of asbestos in a perforated crucible, iu the 
manner described by one of us previously.^ The felt and the ad- 
herent precipitate were transferred to a beaker, treated with potas- 
sium chlorate and hydrochloric acid to oxidize the sulphide, and the 
sulphuric acid thus formed was determined by precipitation as barium 
sulphate. From waters carrying free sulphur that element was sep- 
arated by filtration. The residue, after washing sufficiently to remove 
the sulphates, was treated with hydrochloric acid and potassium chlo- 
rate, and the resulting sulphuric acid was determined as barium sul- 
phate. The filtrate from the sulphur contained the hydrogen sulphide, 
if it was present in the sample, and this was removed by lead acetate 
and estimated in the manner described above. 

Sulphurous add. — The test for sulphurous acid was made in the case 
of a few waters which did not carry more than a trace of hydric sulphide 
by titrating 200 cm^ of the water, acidified with sulphuric acid, with a 
standardized solution of potassium permanganate. In none of these 
was a reducing action found greater than was attributable to the action 
of the hydrogen sulphide and arsenic (assumed to be in the condition 
of arsenious acid) known to be present. 

Sulphuric add. — The sulphuric acid was precipitated from a known 
weight of water, after acidifying distinctly with hydrochloric acid and 
heating to boiling by means of barium chloride. After cooling and. 

^ Am. Chem. Jour., yo\. 1,1^1^ ,^.^VJ . 
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settling, usually after twelve hours, the supernatant liquid was de- 
canted as completely as possible from the precipitate and passed 
through an asbestos felt in a perforated crucible. The precipitate re* 
maining in the beaker was boiled with a small portion of strong hydro- 
chloric acid, and the latter was removed by evaporation on the water, 
bath. Treatment with hot acidulated water left the precipitate as pure 
as barium sulphate may be, and ready for collection upon the same felt 
through which the supernatant liquid had been poured. Thorough 
washing, ignition, and weighing completed the operation. 

Nitric and nitrous adds. — In examining the waters as regards their 
contents in nitric and in nitrous acids a modification of the indigo 
method was followed. The action of these acids upon indigo is known 
not only to be variable with the conditions of dilution, temperature, 
and the proportion of sulphuric acid added, but also to be dependent 
upon the order in which the solution of indigo^ the sulphuric acid, and 
the nitrous or nitric acid are intermixed. On this account great care 
was taken to secure uniformity of treatment of the standard solutions 
and the water under the test. For preliminary testing a portion of 
water was reduced by evaporation to a volume of 60 cm^ cooled to the 
temperature of the air, introduced into an Erlenmeyer flask, and mixed 
with an equal volume of strong sulphuric acid. To the mixture the so- 
lution of indigo was added until a distinct tinge of green became visi- 
ble. In this manner the amount of the solution of indigo from which a 
given amount of the water under test would discharge the color became 
known approximately. For the exact test the portion of water, after 
evaporation and cooling, was brought to a volume which was less tban 
50 cm^ by an amount equivalent to the volume of the solution of indigo 
used in the preliminary test. To the portion thus prepared were added 
50 cm^. of strong sulphuric acid at once, and the solution of indigo as 
rapidly as the catching of the exact point at which the tinge of green 
appeared would permit. At the instant of coloration the flask with its 
contents was placed in a bath of paraffine heated to 140^ G. The vol- 
ume of the solution of indigo which had been added was noted and, if 
at the end of five minutes' heating in the bath the tinge of color was 
still visible, this volume was taken as the measure of the nitrates and 
nitrites in the water. If, on the other hand, the color vanished during 
the heating, it was reproduced by the addition of more indigo^ and the 
digestion in che bath at 140^ G. was prolonged during another interval 
of five minutes. 

This mode of treatment was repeated until the coloration was perma- 
nent during the interval of digestion. The total volume of the solution 
of indigo employed was recorded, and its value in terms of nitric add 
determined in the manner to be described. 

As Warrington has shown,^ the oxidizing power of nitric acid upon 
indigo decreases as the dilution of the solution in which the action takes 

' Jour. Chem. Soclaondoii,!^^)^'^'^^' 
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place increases. It is plain, therefore, that in order that the exact valae 
of the volume of the indigo solution employed in the test may be known, 
the amount of nitric acid needed to discharge the color from an equal 
amount of the same solution under the conditions of the test must 
be determined. To effect this determination we made use of a solution 
of potassium nitrate of known strength, and found by experiment the 
amount of it which, mixed with 50 cm^ of strong sulphuric acid, with 
water enough to bring the final volume to 100 cm^., and with the 
amount of the solution of indigo employed in the test, was just ade- 
quate to discharge all color excepting the faint characteristic tinge 
which must remain unchanged after five minutes' heating. The oxidiz- 
ing power of the nitrates and nitrites in the water is exactly measured 
by the amount of nitric acid in the quantity of the standard nitrate 
solution which is required to produce the end-reaction. The solution 
of potassium nitrate which we used contained 0.0001 g. to 1 cm^ 
The mode of manipulation which we adopted keeps the proportion of 
strong sulphuric acid added to the mixture (excepting the preliminary 
tests) always the same, and consequently the heat generated in the 
reaction is the same always. The order in which the re-agents are 
brought together is the same in all cases, and sources of inaccuracy 
due to the variability of the action of nitric acid with the degree of 
dilution are eliminated. 

Carbonic acid.— ^The greater number of the waters with which we 
have had to deal were hot when the sample was taken, and not sur- 
charged with carbonic acid. In view of the circumstances under which 
the waters were collected it was thought that a portion of the general 
sample, which was carefully sealed, might be made to serve the purpose 
of determining the carbonic acid contained in the water, instead of por- 
tions taken specially for that end and treated in the field with a mixt- 
ure of ammonia and calcium chloride to fix the carbonic acid gas. Ac- 
cordingly dependence was placed upon the large general sample for this 
estimation. The presence of free silica in the waters and the complex- 
ity of composition place so great an obstacle in the way of determin- 
ing the free carbonic acid that the attempt to make the estimation was 
not undertaken. The method which we adopted for the determination 
of the total carbonic a^d is that well-known process which rests upon 
the boiling of the acidified liquid and the absorption and weighing of 
the gas evolved. The apparatus which we employed, differing some- 
what from that in ordinary use for this purpose, is shown in Fig. 1. 
It consisted essentially of a flask in which to boil the water, a cooler to 
return the condensed steam to the flask, a IJ tube flUed with anhydrous 
cupric sulphate to intercept traces of hydrochloric acid which might 
•escape condensation in the cooler, a second U tube charged with cal- 
cium chloride to dry the gas, potash bulbs to retain the carbonic acid, 
and two tubes filled with calcium chloride, one of which was to retain 
moisture carried over from the potash bvilb^ ^»\iA. ^n^^ ^^\^^^^'>S^. 
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them, the other serving to protect the weighed tabe fh>m the actioD of 
the external air. Through the rubber stopper of the flask passed tbe 
tube of a separating funnel, the end of the condensing tube, and a tube 
which connected the interior of the flask with tbe system of bottles and 
scrubbing tower, which furnished at will and aoder slight pressure n 
supply of dry air free frpm carbonic acid. 




FiQ. 1.— Appatatnafor the eHtimation of carbonic acid. 
Before beginning the operation of determining the carbonic acid in a 
water the atmospheric air was expelled from tbe apparatus and replaced 
by pure air free from carbonic acid. The stop-cock In tbe fannel tube 
and the connection with the aspirator having been closed, the water 
started through the cooler, and tbe joint broken between the potash 
bulbs and tbe drying tube immediately preceding it, a few cubic centi- 
meters of distilled water were put into tbe flask and boiled. Tbe steam 
generated drove the air from the flask, and that remaining in the tubes 
was swept forward by pure air' admitted from the aspirator. The outer 
opening of the tube at tbe end of tbe line was closed, tbe soaroe of beat 
removed, and the flask allowed to fill with air from tbe aspirator. Tlie 
whole apparatus having been filled thus with air free from carbonic acid, 
tbe water to be examined — we found 200 g. to be a conveDient amount- 
was introduced into tbe flask through the funnel tube and followed by 
a little boiled water and a sufficiency of sulphuric acid, care being taken 
to exclude the outer air during the operation. The connection between 
the line of drying tubes and the absorption bulbs was re-established, the 
liquid in tbe flask was brought to tbe boiling point, and, to secure eon- 
stant and quiet ebullition as well as to aid in. transferring the carbonic 
aeid from tbe flask to the absorption WVoa, * aa-ttcoX cR. -^tk^, «t^ vas 

TO 
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sent slowly through the boiling liquid which covered the end of the as- 
pirating tube and that of the funnel tube. At the end of half ah hour 
the burner was removed from under the flask and the apparatus was 
permitted to cool during another half hour, the current of air being 
kept in motion through it. The difference between the weights of the 
potash bulbs, with the drying tube which accompanies them, before and 
after the operation, was taken to bo the weight of carbonic acid ab- 
sorbed, and the total carbonic acid of the portion of water examined. 

When the water under examination contained hydrogen sulphide, a 
little cupric sulphate was introduced before acidifying into the portion 
which was to serve for the determination of carbonic acidi. 

Arsenious acid and boric acid. — To the portion taken fot analysis — 
usually 500 g. — hydrochloric acid was added in distinct excess, the 
temperature of the liquid was raised to 70^ 0., and the source of heat 
having been removed, hydrogen sulphide gas was introduced in a gentle 
current for several hours. The precipitation of the arsenious sulphide 
began at once, but the action of the precipitant was continued to insure 
completeness. The precipitate was collected upon an asbestos felt, 
washed, and dissolved in fuming nitric acid. The solution in nitric acid 
was evaporated to dryness, the residue was dissolved in hydrochloric 
acid, and from this solution, made strongly ammoniacal but kept small 
in volume, the arsenic was precipitated by the addition of the magne- 
sium chloride mixture and brisk agitation. The precipitated ammo- 
nium-magnesium arsenate was allowed twelve hours in which to set- 
tle and was then transferred by means of the mother liquor, without 
the use of other liquid, to a perforated crucible carrying an asbestos 
felt, washed thoroughly with the mixture of one part of ammonia to 
three of water, usually employed for this purpose, but with the sparing 
use of the washing material which this mode of filtration permits, dried 
carefully, ignited gently at first, and at a low red heat afterward, in an 
atmosphere of oxygen. The great faults of this process, originally Le- 
vel's, have been the solubility of the precipitate in the mother liquor 
and, more especially, in the ammoniacal wash water, and the difficulty 
in drying or igniting the precipitate collected on paper. These sources 
of inaccuracy vanish, however, so completely with the use of the asbes- 
tos filter and due care in keeping the volume of mother liquor and the 
washings small, that the filtrate, freed from ammonia, acidified and 
charged with hydrogen sulphide, fails to yield arsenious sulphide. As 
a test for the presence of arsenic the method has enjoyed an excellent 
reputation, and in the form in which we have made use of it we believe 
it to be exact. 

The filtrate from the precipitate of arsenious sulphide, containing all 
the boric acid, was nearly freed from hydrogen sulphide by the transmis- 
sion of air, and the chlorine, with residual traces of hydrogen sulphide, 
was removed by treatraenf with silver nitrate and filtration, Tl^^^- 
trate from the precipitated sulphide audc\l\otvOLe>^?^^U^'^>!^^^^^^^'^^^^^ 

BaU. 47 2 
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hydrate, in qaantit; a little more thao safficient to precipitate the ex- 
cess of silver, as completely as may be. The whole was evaporated 
nntil the precipitate took on a compact aad granular form, then filtered, 
aad the filtrate was evaporated nearly to dryness. The residae was 
treated with nitric acid, first just to acidity, and then with a safficient 
(measured) amount to make it certain that the borio acid was entirely 
free. The concentrated solution of the nitrates, nitric acid, and borio 
acid was dreuched with methyl alcohol to precipitate the first and dis- 
solve the last. The solution of boric acid was quickly separated from 
the precipitate by means of the vacuum filter, and the residoe washed 
sufficiently with methyl alcohol. When mnch boric acid is present the 
precipitated nitrates should be dissolved in water and the process of 
precipitation with methyl alcohol repeated ; but when small quanti- 
ties are dealt with, as was the case in the most of our work upon these 
waters, a siogle treatment leaves no borio acid in the residae. From 
the solution in methyl alcohol, the boric acid was separated and its 
amount estimated by a method devised by one of U9 and described else- 
where in full.^ 

This process consists esseutially in distilling to dryness the solution 
in methyl alcohol, containing free nitric acid and nitrates, and treating 




Fig. S.— Apparatus for the eHlimation of boriu acid. 
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the residue by successive drenchings with methyl alcohol and distillia- 
tions. The distillate, carefully protected, contains at the end of the 
operation all the boric acid, and this is fixed as calcium borate by 
the evaporation of the distillate over lime. The difference between 
the weight of ignited lime and the weight of the same after having 
been submitted to the action of the alcoholic solution and ignition is 
the weight of boric anhydride in the solution. 

The distillation was effected by means of an apparatus ^hich consists 
of retiOrt, condenser, and bath for heating (Fig. 2). For the last a bath 
of paraffine is on the whole most convenient. The condenser is set ver- 
tically to facilitate changing the level of the retort within the bath, and 
to secure at the same time continued and thorough washing of the tube 
by its own condensations. The retort, somewhat like the well-known 
drying tube of Liebig in general shape, is easily made of a pipette by 
bending the tube at one end to a right angle, at the other to a goose- 
neck, as shown. To the former end is fitted, by a rubber stopper or sec- 
tion of tubing, a glass funnel-tube provided with a stop-cock ; the end 
of the goose-neck passes tightly through a rubber stopper in the upper 
end of the condensing tube. This is essentially the apparatus; but it is 
convenient to attach, to receive the distillate, a small Erlenmeyer flask, 
which moves with the condenser and is joined to it, in the manner indi- 
cated in the figure, by means of a thistle tube and a rubber stopper 
grooved to permit the free passage of air. In carrying out the distilla- 
tion the liquid is introduced into the retort either by the funnel tube or 
previous to its insertion, the glass stop-cock is closed, the water started 
through the condenser, and the retort lowered into the hot paraffine, 
care being taken to begin the operation with the retort not more than 
half full and so inclined that only the rear dips below the surface of the 
bath. If the precaution to heat the retort at the start in this manner 
be overlooked it may sometimes happen that the sudden and violent 
expulsion of air through the liquid will carry portions of it bodily into 
the gooseneck and even into the condenser. With this point consid- 
ered, the remainder of the operation presents no difficulty and requires 
little care. The size of the retort may be suited, of course, to the par- 
ticular case in hand, but for most purposes a pipette of 200 cm^ capacity 
makes a retort of convenient dimensions, neither too large for the dis- 
tillation of small charges nor too small to permit ihe treatment of 100 
cm^ of liquid comfortably. The tube of the goose-neck should be wide 
enough to prevent the formation of bubbles in it,* 0.7 cm. is a good 
measure for the interior diameter. It is of advantage to heat the bath 
to a point considerably above the temperature at which the liquid to be 
distilled boils — something between 130° C. and 140° 0. does very well 
for water, and is not too high for methyl alcohol — and under such cir- 
cumstances, and when the retort is entirely submerged, it often happens 
that evaporation takes place with extreme rapidity from.tli^ ^\5,\^^^^^ 
tUe liguid in perfect quiet and without aclw^Wi^^vsx^^ 
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Experiment showed that six successive treatments by drenching with 
10 cm^ of methyl alcohol and distillation to dryness were more than ade- 
quate to remove 0.2 g. of boric anhydride entirely from a residue contain- 
ing 2 g. of sodium nitrate ; but, in order to break up the crusted residue, 
which by its insolubility in the alcohol might effect to some- extent the 
protection of the boric acid from the action of the alcohol, it was found 
best to introduce and evaporate 2 cm^. of water between the second and 
third, and again between the fourth and fifth distillations. In most of 
the cases with which we were concerned in the work upon these waters 
four treatments by drenching and distilling, with one intermediate 
moistening with water, were entirely sufficient to volatilize, the boric 
acid; but iu every case the residue was examined for boric acid by the 
exceedingly delicate turmeric test, taking care to first oxidize nitrites 
by means of bromine, and to expel the last before applying the test. 

When the solution of boric acid in methyl alcohol is put over lime and 
evaporated at once some volatilization of the boric acid is a^pt to take 
place; but a short period of digestion — from five to fifteen minutes— is 
sufficient to fix the boric acid completely. 

To secure the proper exposure before evaporation, with the least de- 
lay, the lime which is to retain the boric acid, first ignited in the crucible 
iu which the evaporation is to be made subsequently, is transferred to 
the receiving flask attached to the condenser before the distillation is 
begun, and so has opportunity to exert its action upon the borio acid 
as the distillation progresses. At the end of the distillation the distil- 
late, containing the alcohol, boric acid, nitric acid, and lime, is trans- 
ferred again to the crucible, evaporated to dryness at a very gentle 
heat, and ignited to a constant weight over the blast lamp. The grea^ 
est care is to be taken to secure similarity of conditions under which 
the crucible and lime are weighed before and after ignition, and definite 
periods of cooling before weighing — ten minutes is a suitable time- 
should be allowed to pass, in order to eliminate, as far as possible, the 
effect of atmospheric condensation upon the large surface of platinum. 
^ The tendency of the process is to yield figures slightly larger than 
the truth, as was shown in the test analyses which are given in the full 
description of the process, to which reference has been made. In dis- 
tilling 0.2 g. of boric anhydride and fixing it in 1.5 g. of calcium oxide, 
the mean error was shown to be about 0.0010+ g. In the work upon 
the waters parallel determinations rarely differed by more than that 
amount. 

) Chlorine {tcith bromine and iodine). — The precipitation of chlorine, to- 
gether with bromine and iodine, was usually effected without difficulty 
by treating the weighed portion of water — from 100 g. to 600 g*, accord- 
ing to the circumstances — with nitric acid to a slightly acid reaction and 
silver nitrate in excess, directly and in the usual manner, excepting that 

(20) 



660CH Aim WHiTPiftLD.l METHODS OF ANALYSIS. '21 

the operation was effected ia the cold and that the whole was allowed to 
stand quietly in the dark for several hours to secure perfect subsidence of 
the precipitate. . In only one or two cases did the silica, which the waters 
carry abundantly, give rise to trouble in the precipitation. In such cases 
comparative tests were made as just described upon portions treated 
previously with an excess of pure sodium hydrate, it having been noticed 
that certain very siliceous waters, which of themselves very quickly 
filled the pores of the filter with an invisible coating of silica, could be 
made to filter with rapidity by first treating them with sodium hydrate 
in excess, and then with nitric acid to slight acidity. Treatment with 
acid alone did not bring about the desired condition of the silica. In 
the case of the water of the Ooral Spring the proportion of silica is so 
great and its character such that to secure satisfactory results we were 
obliged to convert the silica to hydrofluosilicic acid, by the addition of 
hydrofluoric acid and nitric acid, before precipitating the silver salt. 
The silver chloride (including the bromide and iodide) was collected 
upon asbestos in a perforated crucible, dried directly over the free 
flame of a Bunsen burner turned very low and at a temperature below 
its melting point, and weighed. In the case of waters containing hydro- 
gen sulphide in quantity precipitable by silver nitrate the portion for 
analysis was rendered ammoniacal before the addition of the silver salt, 
and the precipitated silver sulphide was filtered off. The silver salts 
of the halogens were then precipitated from the filtrate by nitric acid, 
and the process was completed as described. 

Silica^ iron and aluminum^ calcium^ and magnesium. — A single weighed 
portion of water served for the determination of the silica, iron and 
aluminum, calcium and magnesium. The water was acidified with hy- 
drochloric acid, evaporated to dryness in platinum over the water-bath, 
again acidified and again evaporated. The residue was digested with 
hot water containing a little hydrochloric acid, and the solution was 
filtered from th^ residue of silica, which was ignited in platinum and 
tested as to its purity in the usual manner with hydrofluoric acid. 

In the filtrate ammonia, in the slightest excess, precipitated ferric 
andaluminic hydrates from the boiling solution, and these were collected, 
ignited^ and weighed as oxides in the usual manner. The lime was 
thrown out of the hot ammoniacal filtrate by ammonium oxalate, and 
the calcium oxalate filtered off after standing twelve hours in the cold. 
When the amount precipitated exceeded a few milligrams it was dis- 
solved in hydrochloric acid, reprecipitated by ammonia and ammonium 
oxalate and collected upon a filter, the filtr^ite from the second precip- 
itation being added to that from the first. The calcium oxalate was 
dried, ignited, and weighed as calcium oxide, 

The filtrate (or the united filtrates) from the calcium oxalate was 
evaporated in platinum, and the residue was gently ignited to destroy 
the ammonium oxalate— which tends to delay the precipitation of the 
magnesia if permitted to remain in th^ solviUou — ^axii^ ^\%%»0^.^<^\:^>:i^- 
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ilrochloric acid. From this solution the magnesia was precipitated in 
the nsaal manner by microcosmic salt and ammonia, and after standing 
twelve hours or more, the phosphate was collected upon asbestos in a 
perforated crucible, washed with the mixture of one part of ammonia to 
three of water, commonly used in the process, moistened at the end of 
the Wcashing with a strong solution of ammonium nitrate in ammonia, 
ignited for a moment to redness, and weighed as the pyrophosphate. 

Sodium, potassiumj and lithium. — In some of the earlier work only 
sodium and potassium, of the alkalies, were determined in th© natural 
water, and for the determination of the lithium portions of the concen- 
trated water were treated by the method which will be referred to later. 
In the greater number of cases the same portion of the natural water 
served for the determination of lithium as well as sodium and potas- 
sium. The portion for analysis was acidified in platinum with hydro, 
chloric acid and evaporated to dryness. The residue was extracted 
with hot water slightly acidulated with hydrochloric acid, the solution 
was separated from the precipitated silica by filtration, and to the fil- 
trate was added, with care to secure a sufficiency and yet to avoid a 
great excess, barium hydrate made from the nitrate, itself purified by 
precipitation by nitric acid. Filtration separated the precipitated hy- 
drates of aluminum, iron, and magnesium, with barium sulphate ; and 
from the filtrate ammonium carbonate and ammonia precipitated, upon 
boiling, nearly the whole of the barium and calcium as carbonates. 
The filtrate from the precipitated carbonates was evaporated to dryness, 
and the residue was gently ignited to remove ammonium chloride, treated 
with hydrochloric acid, freed from the excess of acid by evaporation on 
^ the water-bath to dryness, dissolved in a very small amount of water, 
and treated again with a few drops of the solution of ammonium car- 
bonate and ammonia. This treatment usually results in the precipita- 
tion of traces of barium carbonate which have previously escaped re- 
moval by the similar treatment of the larger volume of liquid. The fil- 
trate from this last slight precipitate was again evaporated and treated 
as before 5 and, in case any further precipitation took place, the process 
was repeated until the purification was complete. Usually, however, the 
first precipitation in the larger volume of liquid and the second treat- 
ment in the solution reduced to small bulk are together sufficient to 
remove .the baiium carbonate completely. The filtrate from the last 
precipitate was evaporated in a weighed platinum dish, and the resi- 
due, consisting of the chlorides of sodium, potassium, and lithium, was 
dried, gently ignited, and weighed. 

From the mixed chlorides the lithium salt was separated by a process 
which, devised by one of us during the progress of the work and de- 
scribed elsewhere in full,^ needs but brief outlining in this place. To 
the concentrated solution of chlorides amyl alcohol is added and heat 
7^ applied, gently at first to avoid danger of bumping, until, the water 

'Bulletin of the U. S. Geological Survey, "No. 4^, v*T^\ ^"^^ C\\«m, 3^i\3Lt,,vol. 9, p. 33. 
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disappearing from solution and the point of eballition rising and be- 
coming constant for some minutes at a temperature approximately that 
at which the alcohol boils by itself, the chlorides of sodium and potas- 
sium are deposited, and the lithium chloride is dehydrated and taken 
into solution. At this stage of the proceeding the liquid is cooled, a 
drop or two of strong hydrochloric acid being added to reconvert traces 
of lithium hydrate possibly in the deposit, and the boiling is continued 
until the alcohol is again free from water. If the amount of lithium 
chloride present in the mixture of salts is small it is now found in solu- 
tion; the chlorides of sodium and potassium, excepting the traces for 
which correction will be made subsequently, are in the residue ; and 
the separation may be effected by filtration and the washing of the res- 
idue with amyl alcohol previously dehydrated by boiling. If, on the 
other hand, the weight of lithium chloride present exceeds ten or twenty 
milligrams it is advisable, though not absolutely essential to the attain* 
ment of fairly correct results, to decant the liquid from the deposit, 
wash the latter with a little anhydrous amyl alcohol, dissolve in a few 
drops of water, and repeat the separation by boiling in amyl alcohol. 

The filtrates, first measured apart, are united with the washings 
and evaporated to dryness, and the residue, treated with sulphuric 
acid in excess, ignited gently at first and finally to the fusing point, is 
weighed as the neutral lithium sulphate, containing traces of the neu- 
tral sulphates of sodium and potassium. From the weight thus found 
the subtraction of 0.00109 g. for every 10 cm^ of filtrate exclusive of 
washings makes the proper correction for the amounts of the sodium 
and potassium salts present, and the residual weight represents the 
pure lithium sulphate. In cases where the precipitate consists solely 
of sodium chloride, the correction upon the weight of the sulphate is 
0.00050 g.; when potassium chloride constitutes the residue the cor- 
rection amounts to 0.00059 g. for every 10 cm^ of filtrate. The alco- 
hol used in washing has, within reasonable limits, no appreciable solv- 
ent effect upon the precipitate. 

The precipitate, consisting entirely of sodium chloride and potassium 
chloride, is ready for the balance after drying a few minutes directly 
over a flame turned low, if the filtration is effected by means of asbestos 
in the perforated crucible ; if paper is used as the filtering medium, 
after the solution of the precipitate, the evaporation of the solution and 
the gentle ignition of the residue. The weight of the insoluble chlo- 
rides actually obtained is corrected for the solubility of the salts in 
amyl alcohol by adding 0.00092 g. for every 10 cm^ of amyl alcohol 
in the filtrates, exclusive of washings ; 0.00041 g. of this represent- 
ing the sodium chloride dissolved, and 0.00051 g. the potassium chlo- 
ride. With due attention to the reduction of volume of the residual 
alcohol before filtering the correction may be held easily within nar- 
row limits. 
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In applying this method to th© analysis of the waters of the Yellow- 
stone Park the practice of reducing the voluine of amyl alcohol to aboat 
15 cm', before filtering was followed uniformly. The corrections, there- 
fore, were always the same, and amounted to an addition of 0.0007 g. 
to the apparent weight of sodium chloride, 0.0008 g. to that of po- 
tassium chloride, and a subtraction of 0.0017 g. from the weight of 
lithium sulphate indicated by the balance. In many cases the lithium 
present in the waters, though capable of detection by the spectroscope, 
amounted to so little in the portions devoted to its determination that 
the application of the correction left nothing to be called lithium sul- 
phate. In such cases the lithium is counted as a ^' trace." 

From the mixture of sodium chloride and potassium chloride the po« 
tassium salt was separated as potassio-platinic chloride. The chlorides 
were dissolved in a small amount of water, platinic chloride was added in 
solution, in quantity considerably in excess of the amount necessary to 
effect the conversion of all the potassium and sodium present to the 
double platinum salts, and the mixture evaporated on the water bath to 
the point at which the residue becomes pasty if removed from the bath 
and allowed to cool. The crust thus formed was drenched with alco- 
hol of 80 per cent., digested in the cold until thoroughly disintegrated, 
filtered ofi^' on an asbestos felt, washed with alcohol of 95 per cent., dried 
at a gentle heat, and weighed. 

The lithium and potassium having been thus found directly, the sodium 
is given, in the form of the chloride, by the difference between the sum of 
the lithium and i)otassium chlorides and the total weight of the three 
chlorides ; or, by the difference between the weight of potassium chloride 
found and the weight of the chlorides of potassium and sodium found 
(the proper correction having been applied) after the separaticm of the 
lithium. It may be urged against the former plan that to bring the 
three chlorides to a definite condition for weighing is a difficult under- 
taking in view of the great tendency of lithium chloride to exchange 
chlorine for oxygen in the presence of water. Our experiments indi- 
cated, however, that under repeated treatments by moistening and ig- 
nition the mixed chlorides did not change in weight materially, and we 
are disposed to attribute the result in part to the protective influence 
of the sodium and potassium salts upon the relatively small amount of 
lithium chloride, and in part to the care taken to secure thorough drying 
at alow temperature previous to the gentle ignition. In our work upon 
the waters we weighed the three chlorides together and found the so- 
dium chloride by deducting from this weight the weights of potassium 
chloride and lithium chloride deduced by analysis. 

A weak point in the process which we have employed in the determi. 
nation of the alkalies would seem to be found in the separation of the 
magnesia by means of barium hydrate. In connection with this sub- 
ject it is of interest to note that in the greater number of waters mag- 
nesia was present only in incousldarabl^ quantity, and further, that in 
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the case of those iii which it did appear iu appreciable amounts the 
examination of the solution of the lithium sulphate, after the separa- • 
tion by amyl alcohol, failed to indicate the presence of magnesia in 
amount sufficient to be precipitable by microcosmic salt in an ammoni- 
acal solution and under the usual conditions of the test, though this 
would be the place in which magnesia should appear if it had escaped 
removal from the chlorides. We are constrained to believe, therefore, 
that the process of separation which we adopted was exact within rea- 
sonable limits. 

Ammonia and albuminoid ammonia. — The determination of ammonia 
was effected in the usual manner by distilling a measured portion of 
water with sodium hydrate, and nesslerizing the distillate. A second 
portion of water was distilled with sodium hydrate and potassium per- 
manganate, and the distillate was nesslerized. The former process 
gives the combined ammonia present in the water; the latter the total 
ammonia, which includes, beside the ammonia existing as such in com- 
bination, that ammonia which is developed from other nitrogenous com- 
pounds by the action of the permanganate. The difference between the 
figures of the two processes is the albuminoid ammonia, so called. The 
composition of these waters renders them peculiarly liable to boil ex- 
plosively, and some difficulty was experienced at first in the distillation ; 
but the apparatus which is described in the paragraph on the determi- 
nation of the boric acid proved to be of service in this case also, and 
made the determination practicable. The Nessler solution was very 
delicately adjusted, and the tests were made in small tubes and car- 
ried to the limit of 0.000001 g. 

TREATMENT OF CONCENTRATED WATERS. 

In the examination of the concentrated waters the whole sample was 
evaporated to dryness, and the residue thus left was extracted with hot 
water. It is usual in treating concentrated waters to add sodium car- 
bonate during the evaporation, and to wash the residue until the wash- 
ings cease to show an alkaline reaction. Four of the waters of which we 
had concentrated samples were, however, so alkaline of themselves that 
the addition of sodium carbonate was superfluous, and all were so sili- 
ceous that to wash the residue of evaporation until it was free from 
alkali was a matter of the greatest tediousness and dif&culty. We 
found it best and sufficient to wash only to the vanishing point of the 
spectroscopic reaction for lithium in the washings. In this manner the 
separation of the greater part of the silica with the insoluble constitu- 
ents of the water was effected without an entirely unreasonable expen- 
diture of time and effort. The filtrate and washings were thoroughly 
mixed and made up to a definite weight. The residue was kept by 
itself for separate treatment. 

The filtrate should contain the bromine, iodine, boron, arsenic, an- 
timony ; the copper, lead and tin, which, can \i^ \>x^^^\i\i\\!L 'QoLfcNR'aXssw^ 
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only in traces ; the litbhiui, ciosiuin, rubidiani, thallium, and part of the 
silicon and alumiuuui. The precipitate should contain the titanium, 
phosphorus, fluorine, iron, manganese, barium, strontium, calcium, 
magnesium, with the remainder of the aluminum and silicon. 

8TRENGTU OF THE CONCENTRATED WATERS. 

The degree to which the concentration of the waters had been carried 
in the field was fixed by the determination of the total amount of halo- 
gens in a weighed portion of the extraction of the residue of evapora- 
tion. This portion was diluted, acidified with nitric acid, treated with 
silver nitrate until the precipitato ceased to form, and the last was col- 
lected on asbestos in a perforated crucible, dried (over the free flame of 
a Bunsen burner turned low) at a temperature considerably below its 
melting point, and weighed. Determinations of this sort were made in 
duplicate. Knowing the weight of the silver salt thus found and the 
weight of the same precipitable from a known weight of the natural 
wat^r, the exact value of the concentrated water, in terms of -the nat- 
ural water which it represented, became known. 

TREATMENT OF THE RESIDUE. 

Fluorine. — The residue, dried by gentle heating, with the ash of the 
filter employed in separating and washing it, was placed in a retort of 
the pattern described in the section treating of the determination of 
boric acid in the natural water, drenched with strong sulphuric acid, 
and heated to 150^ C, while a slow current of dry air was forced through 
the emulsion and thence directly into a U tube partly filled with dilute 
ammonia. The fluorine contained in the water should appear in the 
residue as calcium fluoride, should be volatilized as silicon fluoride by 
the action of the sulphuric acid, and, if present in more than very small 
amounts, should be indicated by the precipitation of silica in the U tube 
containing ammonia. Proceeding in this manner we found in the waters 
which we examined no fluorine; and on treating the ammoniacal liquid 
of the U tube according to the method of Berzelius, with zinc oxide 
dissolved in ammonia, evaporating until the solution ceased to evolve 
ammonia, filtering, adding to the filtrate calcium chloride followed by 
sodium carbonate, boiling, igniting the precipitate and extracting it with 
acetic acid, we were not able to detect a residue of calcium fluoride; 
nor in the zinc oxide precipitated by the expulsion of the ammonia dis- 
solving it could we discover silica. 

Barium and strontium, — The contents of the retort were transferred 
to platinum, treated with hydrofluoric acid (purified by redistillatioD; 
in suflBcient amount to volatilize all silica, and evaporated to dryness 
with a little sulphuric acid. To insure thoroughness of action this proc- 
ess of treatment was repeated. The residue was fused with, sodium car- 
bonate and the melt was extracted with hot water containing a few drops 
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of alcohol. The precipitate was separated from the solution by filtra- 
tion and digested with hot dilute acetic acid, which should dissolve the 
barium, strontium, calcium, and magnesium carbonates. The solution 
In acetic acid, separated by filtration from the i)ortion unacted upon, 
was nearly neutralized with ammonia, and to it was added in solution 
an amount of ammonium sulphate equal to fifty times the weight of the 
alkaline earths present, the whole being permitted to stand quietly 
twelve hours. By this treatment barium and strontium should be 
precipitated as sulphates, while calcium and magnesium should re- 
main 'dissolved. The sulphates of barium and strontium may be sepa- 
rated afterward by digestion during twelve hours (at the ordinary tem-, 
perature and with frequent stirring) in ammonium carbonate, the de- 
cantation of the supernatant liquid, the repetition of the treatment 
with ammonium carbonate, and, finally, the action of hydrochloric acid 
upon the residue — the strontium carbonate dissolving and the barium 
sulphate remaining insoluble in this acid. This mode of separating the 
barium and strontium was not actually applied in our work, inasmuch 
as we obtained from the quantities of water 'with which we had to deal 
no precipitate by ammonium sulphate, and it is mentioned only for the 
purpose of completing the scheme of analysis. 

The solution which had been treated with ammonium sulphate to 
precipitate barium and strontium was preserved for subsequent exami- 
nation for manganese. 

Phosphoric acid. — The extract of the fusion in sodium carbonate was 
acidified with nitrie acid, evaporated to small bulk, and from it the 
phosphoric acid was precipitated in the usual manner as a phospho- 
molybdate of ammonia. The precipitate, after standing twelve hours, 
was separated by filtration through a felt of asbestos in a perforated 
crucible, washed with the precipitant, and dissolved in ammonia. From 
this solution the phosphoric acid was precipitated by the magnesium and 
ammonium chloride mixture, and the ammonio-magnesium phosphate 
was filtered off on asbestos, washed with dilute ammonia (one part of 
ammonia to three of water), moistened with ammonium nitrate in am- 
monia, dried, ignited at a red heat, and weighed as magnesium pyro- 
phosphate. 

Manganese, — The residue left, after the extraction of the fusion in the 
sodium carbonate with water containing a little alcohol and the treat- 
ment with acetic acid, was fused again in a little sodium carbonate, the 
melt was dissolved in the crucible by heating with strong sulphuric acid, 
and this solution was poured into cold water. In this manner was ob- 
tained a solution containing the titanium and iron, and a part of the 
aluminum and manganese. From it all these elements, excepting the 
lastj^ were precipitated by adding ammonia to an alkaline reaction fol- 
lowed by acetic acid to faint acidity, and boiling. The precipitate was 
kept for examination later. The solution was mixed with that which 
had been treated with ammonium sulp\iate> m \Xv^\»^^\»^<s^\k^x»:«^ ^>2sA. 
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strontiam, and to the mixture, heated on the water bath, were added 
ammonia in excess and bromine water. The precipitate thns obtained 
was ignited and weighed as Mn304, it being so trifling that solution and 
reprecipitation as the phosphate was unnecessary. 

Iron. — The precipitate of ferric, titanic and aluminic hydrates was 
fused in a little sodium carbonate, the fusion was dissolved in strong 
sulphuric acid, this solution poured into cold water, and the dissolved 
iron, titanium, and aluminum were separated as follows, by a process 
devised by one of us and described fully elsewhere.^ Tartaric acid, 
amounting to three times the weight of the oxides of iron, alaitiinum, 
and titanium present, was added to the solution, whijch was then made 
faintly ammoniacal and submitted to the action of a current of hydrogen 
sulphide. The precipitated ferrous sulphide was filtered off (care hav- 
ing been taken that the solution should still be alkaline before filter- 
ing), washed with hot water sufficiently but expeditiously, dissolved in 
hydrochloric acid, and the iron, first olidized by bromine, was precipi- 
tated by ammonia and weighed as the oxide. 

Titanic acid, — The filtrdite from the ferrous sulphide was acidified 
strongly with sulphuric acid, heated to the boiling point, and treated 
with potassium permanganate until its characteristic color appeared. 
The final products of the action of the permanganate upon the tartaric 
acid are carbonic acid and water, but formic acid appears as an inter- 
mediary step in the oxidation. During the first action of the x>6rman- 
ganate its conversion to manganous sulphate is rapid, but with the 
development of formic acid there takes place by its action upon the per- 
manganate freshly added a precipitation of a brown hydrate of manga- 
nese which, redissolving readily so long as tartaric acid remains, yields 
only slowly to the further action of the formic acid. When, therefore, 
manganic hydrate appears abundantly in the boiling solution and does 
not dissolve perceptibly one may be reasonably certain that the con- 
version of the tartaric acid to at least the intermediary stage has been 
accomplished ] but for the sake of greater security, the addition of the 
permanganate may be continued until the appearance of its color. 
When the amount of tartaric acid in the solution is known, as should 
be the case always, a simple mode of proceeding is, perhaps, to employ 
for the dxidation the amount of permanganate theoretically required. 
A weight of potassium permanganate amounting to 6W0 and a half 
times the weight of the tartaric acid to be destroyed is sufficient to 
carry the oxidation to the ultimate limit, providing there be no deposi- 
tion of a manganic hydrate. 

The residual permanganate and the insoluble hydrate were reduced 
and dissolved by the addition of a little ammonium bisulphite to the 
acid solution, and, the excess of sulphurous acid having been boiled off, 
acetic acid was added to the clear solution in quantity sufficient to make 

^Balletia oi the U. S. (Geological Survey, No. 27, p. 16; Am. Chem. Jour., vol. 7, 
I885-W, p. 283. 
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the amount of the absolute acetic acid present from 7 to 11 per cent, by 
volume ; enough sodium acetate was introduced to fix all the sulphuric 
acid as sodium sulphate, and the solution was boiled. If titanium is 
l)resent it is precipitated under these conditions, while the aluminum re- 
mains dissolved. If the quantity of the precipitate thus obtained is 
considerable, it should be filtered from the liquid in which it floats and 
purified from the traces of manganese which it may carry, by fusion in 
a small quantity of sodium carbonate, the solution of the melt in sul- 
phuric acid, and reprecipitation by ammonia. 
In the waters which we examined we found no precipitate of titanic 
' hydrate at the point in the process where it should appear were tita- 
uium present. 

TREATMENT OP THE AQUEOUS SOLUTION. 

The aqueous solution, its degree of concentration having been deter- 
mined in the manner already described, was divided into five portions. 
Two of these were taken for the determination of bromine, iodine, 
lithium, csBsium, rubidium, and thallium, in duplicate; two for the de- 
termination in duplicate of arsenic, antimony, tin, copper, lead, and 
boron ; and the remaining portion was reserved to be used in an emer- 
gency. 

Iodine and bromine. — The portion for the determination of the ele- 
ments of the former group was weighed and evaporated to a pasty con- 
dition. The residue was thoroughly extracted with strong alcohol, 
treated with water reduced again nearly to dryness, and again extracted 
with alcohol. The extract was evaporated after the addition of a drop 
or two of a strong solution of sodium hydrate, and this residue was ex- 
tracted with alcohol like the former residue. The residues of the extrac- 
tions with alcohol were kept for subsequent treatment. The alcoholic so- 
lution containing presumably all the iodine and bromine, with a snjall 
proportion of the chlorine originally in the water, was evaporated to dry- 
ness, and the solution of the residue in water was acidulated with sul- 
phuric acid mixed with a solution of ferric sulphate introduced into a 
retort of the pattern previously described and figured in connection 
with the determination of boric acid in the natural waters, and distilled. 
The distillate was collected in a U tube attached to the condensing tube 
and sealed with carbon disulphide and water. If iodides are present in 
the retort to the minutest degree the iodine is set free as such, its char- 
acteristic color appears in the seal of carbon disulphide, and its amount 
may be determined by titration in the usual manner with sodium hypo- 
sulphite. 

In the waters which we examined iodine was not present in sufficient 
quantity to appear in the test of the amounts at our disposaU 

To the liquid remaining in the retort after the distillation had been 
prolonged sufficiently to insure the complete volatilization of the vQdia5b 
a few crystals of potassium permanganate N^ei^ ^^^^^^ ^tAXJc^a ^^^^^ 

(29) 
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tion was continued. This distillate was collected as before in a U tabe 
joined to tbe condenser, but the seal was made with cbloroform and 
water. At the beginning of the operation the seal of the U tabe showed 
in most cases the characteristic color of bromine, bat this was dis- 
charged before the end of the operation by the excess of chlorine and 
replaced by the color of the latter. The contents of the U tabe were 
transferred to a beaker and treated with pure sodium hydrate and zinc, 
and from the solution of sodium bromide and chloride thus obtained 
the silver salts were precipitated by silver nitrate, in the usual manner, 
after acidifying with nitric acid. The silver bromide and chloride thus 
precipitated were collected together apon asbestos in a perforated cru- 
cible, dried, weighed, and dissolved in potassium cyanide. From the 
cyanide solution the silver was deposited by electrolysis, according to 
the process described elsewhere by one of us for the indirect estimation 
of bromine in the presence of chlorine.^ In this manner we obtained 
the weight of the mixture of silver chloride and silver bromide, and the 
weight of the silver contained in the mixture. The amounts of bromine 
and chlorine in the mixed salts were determined from these data by the 
solution of a simple algebraical equation. 

LitMum. — The contents of the retort after the distillation of the bro- 
mine were united with the residues of the extractions by alcohol, the 
excess of sulphuric acid was volatilized, the residue dissolved in hydro- 
chloric acid, the sulphates converted to chlorides by means of barium 
chloride, the baric sulphate thus formed separated by filtration, alumina, 
silica, and barium carbonate precipitated by ammonium carbonate and 
separated by filtration, and the solution evaporated to dryness. The 
residue was gently ignited to remove ammonium chloride, dissolved in 
water acidulated with hydrochloric acid, and this solution, concen- 
trated until just ready to deposit, was drenched with strong alcohol. 
The sodium chloride precipitated was washed with alcohol until the 
spectroscope indicated entire freedom from lithium chloride. The al- 
coholic solution of lithium chloride was evaporated to dryness, and the 
residue was dissolved in a little water acidulated with hydrochloric 
acid. This solution was treated with a little pure barium hydrate 
(made from the nitrate precipitated from nitric acid) to remove traces 
of magnesia, and filtered, and from the filtrate the barium was removed 
by treatment with ammonium carbonate, repeated if necessary. From 
the solution of lithium chloride thus obtained the lithium was separated 
according to Mayer's method^ by evaporation with hydro-disodic phos- 
phate and sodium hydrate, the treatment of the residue with sufficient 
hot water to dissolve the salts, which should be soluble with the aid of 
gentle heat, the addition of an equal volume of ammonia, and digestion 



1 Balletiii of the U. S. Geological Survey, No. 42, p. 89 ; Am. Chem. Jour., vol, 8, p. 
421. 
'Freaenina^n Qaant. Aq^^I*} 6th Aufl., Band II. p, S15t 
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in the cold during twelve hours. The precipitate was filtered upon as- 
bestos in a perforated crucible, washed with a mixture of equal parts 
of ammonia and water, ignited, and weighed. The filtrate from this 
precipitate was evaporated, and the residue of evaporation was again 
treated as before to recover traces of lithium ; and a similar process of 
treatment was applied to the filtrate from the second precipitate. The 
three precipitates thus obtmned contained presumably all the lithium 
as the tribasic phosphate. 

This is the method of determining lithium which was employed pre- 
vious to the development of the process which has been described in 
connection with the account of the determination of lithium in the nat- 
ural waters (p. 22). Were the work to be repeated we should unques- 
tionably employ the amyl alcohol process exclusively, although it may 
be said for the determinations by Mayer's method that their actual error 
was very much diminished by the use of comparatively larger portions 
of material for the analysis, and we are confident that the results are, 
on that account, fairly trustworthy. 

Ccesiunij ruMdium, and thallium. — The filtrate from lithium phosphate 
was freed from ammonia by boiling 5 the phosphoric acid was precipi- 
tated by ferric chloride and ammonia, with the usual precautions to 
secure a suitable proportion of the iron salt and to keep the excess of 
ammonia at the lowest possible limit, and removed by filtration ; the 
filtrate from ferric phosphate and ferric hydrate was evaporated to dry- 
ness and gently ignited to remove ammonium salts ; the residue thus 
left was dissolved in water and treated with platiuic chloride in excess 
of the amount necessary to convert all the alkaline chlorides present 
to platinum salts. 

The precipitate by platinic chloride was extracted by boiling re- 
peatedly with small portions of water, and the residues of this treat- 
ment were tested from time to time spectroscopically. The character- 
istic lines of caesium and rubidium appeared more distinctly toward 
the end of the process of extraction when they were visible at all. 
Thallium, which should appear, if present, in the intermediate extracts, 
failed to show itself in any of the waters. 

ArseniCj antimony^ tin^ copper^ and lead. — The weighed portion of the 
concentrated solution was acidified with hydrochloric acid, heated to 
7(P C, and submitted to the action of a current of hydrogen sulphide 
during several hours. The precipitated sulphide was filtered off upon 
anthracene in a perforated crucible, following the method described by 
one of us.^ The crucible with the adherent filter of anthracene and the 
precipitate were placed in a small beaker, drenched with benzol, and 
gently warmed until the anthracene dissolved* Water containing so- 
dium hydrate was added and, after sufficient digestion on the water- 
bath, the liquid and precipitate were transferred to a paper filter, pre- 



1 Bulletin of the U. S. Geological Survey, No. 42, p. 86 \ A^xv* C\x««x.^^^x^.x^^>'Vx 
1885-'86, p. 87, 
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viously moistened with water. lu this manner the aqueous solution, 
carrying the arsenic, antimony, and tin, if present, was permitted to 
traverse the filter, while the sulphides of copper and lead, with possibly 
free sulphur, remained with the benzol upon the filter. After thorough 
washing with water the receptacle for the filtrate was changed, the 
filter was moistened with alcohol, and thus the benzol, with the anthra- 
cene in solution, was induced to pass through the paper, which, with 
the residue upon it was washed with benzol followed by alcohol and 
then by water. The filter was carefully incinerated, and the ash was 
digested with a few drops of nitric acid. The solution thus obtained 
was evaporated to dryness, the residue was moistened with hydro- 
chloric acid, and, after the volatilization of the most of the acid, dis- 
solved in hot water. From this solution hydrogen sulphide should pre- 
, cipitate copper and lead as sulphides. In the single case of that water 
which had been concentrated in porcelain no black sulphide was ob- 
tained at this point in the operation ; in other cases, a trifling black 
precipitate fell, which subsequent examination proved to be copper 
sulphide exclusively, doubtless originating in the concentrating vessel. 

The second precipitation with hydrogen suli)hide was introduced to 
test the presence of copper and lead, in the process just outlined, be- 
cause the residue left upon the filter when the benzol is washed from it 
is apt to be dark in color, even in the absence of black sulphides. 

The alkaline filtrate from the benzol and the insoluble residue were 
acidified with hydrochloric acid, after the addition of a drop or two of 
ammonium sulphide; the precipitate was filtered off on asbestos in a 
perforated crucible; the filter and precipitate were dried and treated 
in a small beaker with fuming nitric acid ; the solution in nitric acid 
was evaporated to dryness, the residue was dissolved in hydrochloric 
acid, and from this solution, made strongly alkaline with ammonia con- 
taining some ammonium sulphide (the last to keep tin, if present, in 
solution), but kept small in volume, the arsenic was precipitated by the 
magnesium chloride mixture. The liquid was briskly stirred and then 
allowed to stand quietly for twelve hours at least. The precipitate was 
transferred by means of the mother liquor, without the use of other 
liquid, to a perforated crucible carrying an asbestos felt, washed with a 
mixture of one part of ammonia to three of water, dried carefully, ig- 
nited in an atmosphere of oxygen, and weighed as magnesium pyro- 
arsenate. 

The filtrate from the ammonio-magnesium arsenate, which should 
contain the antimony and tin of the water, was evaporated to remove 
the great excess of the ammonia, and acidified with hydrochloric acid. 
The sulphur thus precipitated should carry with it the antimony and 
tin as sulphides. In no case were we able to detect antimony in this 
precipitate. In one or two cases there were evidences of the presence 
of tin, but this doubtless camo from the lining of the vessel in which 
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concentration was effected ; in the water which was concentrated in por- 
celain no tin was foand. 

Boric add, — The filtrate from the original precipitate by hydrogen sul- 
phide in the acid solution was warmed gently, submitted to the action 
of a current of air to blow out the excess of hydrogen sulphide, brought 
nearly to neutrality by the addition of sodium carbonate, made faintly 
alkaline with ammonia, filtered from the precipitate thus thrown down, 
and evaporated nearly to dryness after the addition of enough sodium 
hydrate to expel the ammonia and yet preserve strong alkalinity. The 
residue was acidified with hydrochloric acid and extracted thoroughly 
with alcohol, and the alcoholic solution was made alkaline with sodium 
hydrate and evaporated to dryness. This residue was dissolved in 
water, just acidified with hydrochloric acid, and from the solution the 
last traces of silica, alumina, lime,, and phosphoric acid were removed 
by the action of ammonia and ammonium carbonate, and filtration. In 
the filtrate the boric acid was determined according to Marignac's pro- 
cess, by treatment with magnesium chloride, ammonium chloride, and 
ammonia, evaporation to dryness, ignition at a red heat, extraction 
with boiling water, and the repetition upon the extract of the process 
of evai)oration, ignition, and extraction. The residues left after extrac- 
tion were together ignited and weighed, and the magnesia in the 
weighed material was determined by precipitation as the ammonio-mag- 
nesinm phosphate and weighing as the pyrophosphate. The difference 
between the weight of the residue and its contents in magnesia is boric 
acid. 

This was the process which we employed in the earlier determinations. 
The process which was developed later, and applied to the determina- 
tion of boric acid in the natural waters, is preferable. 

STATEMENT OF THE RESULTS OF ANALYSIS. 

In stating the facts deduced from the analysis of the waters, it has 
seemed best to adopt the plan of recording the oxygen acids as anhy- 
drides, the basic elements as such, and the oxygen which must exist in 
combination with the bases by itself; thus avoiding an arbitrary division 
of the basic elements among the oxygen acids and halogens. The 
basic oxygen, so called, of the alkaline waters was found by computing 
the amount of oxygen which would exist in the oxides of the basic ele- 
ments and deducting from this amount the weight of oxygen equivalent 
to the halogen discovered by analysis. In the case of waters which 
carried such an excess of acid that the halogens may be supposed to be 
uncombined with bases, the basic oxygen is the amount of oxygen which 
would exist in the oxides of the basic elements. In waters of such acidity 
that a portion only of the halogen may be supposed to be in combina- 
tion with basic elements the equivalent in oxygen of the amount of 

Bull. 47 3 
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halogen which is regarded as in combination was deducted from the 
total amount of oxygen of the oxides in computing tlie basic oxygen. 
The halogen which remains nncombined with the basic elements was, 
as a matter of course, assumed to be in association with hydrogen. 

The hypothetical combination of the elements found in the waters 
must' necessarily be largely imaginary, for nothing is more plainly 
evident than the impossibility of stating authoritatively, in the present 
condition of knowledge, the actual division of a number of acids among 
a number of bases in solution. This we do know, that the combination 
is determined not only by the relative proportions of all the constit- 
uent9, but by the absolute quantities of all associated in a definite 
amount of liquid. It is with no purpose, therefore, of attempting to 
represent actual conditions of combination, but only for the sake of 
. securing a common ground of comparison among themselves and with 
other waters, that we have assumed arbitrarily the existence in these 
waters of the definite and simple combinations of the following 
scheme : 

In alkaline waters, bromine has been combined as KBr; B2O3 as 
5^02340?; AS2O3 as NaAsOz ; P2O5 as Na2HP04 ; Chlorine has been as- 
signed to the bases in the order NH4, Li, K, Na ; SO3 has been linked 
with such bases as remain in the order NH4, Li, K, Na, Mg^ Ca ; residual 
bases have been classed as neutral carbonates in the order Mg, Ca, Na ; 
residual sodium has been represented as NaSiOa; aluminum and iron 
have been put down as AI2O3 and Fe203; and residual CO2 and Si02 
have been shown as such. 

In making up the hypothetical composition of acid waters the same 
general arrangement has been kept as far as possible in order to secure 
ready comparison with the alkaline waters. Though the relative avid- 
ity of hydrochloric acid is greater at ordinary temperatures than that 
of sulphuric acid, we have nevertheless represented hydrochloric acid 
as the free acid whenever it became necessary to represent one of them 
as free. 

The sulphuric acid indicated by the analysis has been combined with 
the bases in the order Ca, Mg, AI2, Fe2, Na, K, Li, NH45 ^^^ residual bases 
have been combined with chlorine in the same order 5 the anhydrides 
B2O3, AS2O3, P2O5, Si02, CO2, and residual SO3, have been stated as 
such 5 residual chlorine has been represented as HCl, and H28 as such. 

It is apparent that in some instances combinations have been imag- 
ined which might exist under some of the circumstances encountered, 
but which are improbable under other conditions met with in waters of 
a generally similar character ; thus, for the sake of uniformity, we have 
represented the boric acid of the alkaline waters invariably as !N'a2B407, 
and the phosphoric acid as ]Sra2HP04, regardless of the variable action 
of an excess of alkaline carbonate upon these salts in hot solutions and 
under prolonged digestion. So, also Si02 has been stated as free, 
wben^ ifsOj it mast have been in so\vxU6\\ \w Wi^ \\\fe^^\vRfe ^"l^Sx^ carbon- 
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ates of sodiain, maguesinm, and calcium ^ the neutral carbonates have 
been represented as such in the presence of free carbonic acid, both in 
hot and in cold waters ; and potassium has been arbitrarily associated 
with bromine; and ammonium, lithium, and potassium have been pre- 
ferred to other bases in combining the chlorine. 

In the following tables are given the direct results of analysis in 
grams per kilogram of water, and the percentage composition of the 
material shown by the analysis; the hypothetical combination in grams 
per kilogram of water, and the percentage composition of the material 
of the hypothetical combination ; the quantity of water used in each de- 
termination, and the number of determinations of each constituent. In 
the final table all the direct results of analysis are summarized. 

(35) 
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ANALYSES. 



CLEOPATRA SPRING. 

(Locality, Mammoth Hot Springs; date of collection, July 28, 1884; temperature, 

67° C. ; reaction, alkaline; specific gravity, 1.OO205.) 

Sample No, 1 was takeu from the center of the spring. 



Constituents. 



SiOj 

SOj 

COa 

BiOj 

A82O3 

CI 

Br 

UiS 

O (basic) . 

Fe I 

Al 5 

Ca 

Mg 

K 

Na , 

Li 

NH4 



Grams per kilo" XlZl^'JZ^^'^--^'^--- 

in solution. ' 



of water. 



0. 0517 
0. 4395 
0. 6287 
0. 0226 
0. 0031 
0. 1749 
Trace 
Trace 
0. 1054 

0. C049 

ff 

0. 3070 
0. 0729 
0.0511 
0. 1299 
0. 0023 
0. 00003 

2. 08523 



tions. 



Grams of water 
employed in 
eacii determi- 
nation. 



I 






2.48 
21.08 
.m 15 
1.U8 
0. 15 
8. o9 



9.37 

0. 23 

14.75 
3.50 
2.45 
C.23 
0.11 
0.03 

100. 00 



2 
2 
1 
1 



2 

2 

2 
o 

1 



200 
200 
200 
500 
500 
200 
IGO 
COO 

200 

200 
200 
200 
200 
200 
50 



Albnmiuoid ammonia (not in summation) 0.00020 grams per kilo. 

Hypothetical combination. 



Constituents. 



Grams per kilo 
of water. 






NH4CI 

LiCl 

NaCl 

KCl 

KBr 

Na2S04 

MgS04 

CaS04 

Na2B407 .... 

NaAs02 

CaCOs 

AI2O3 

SiOa 

COa 

HiS 



0. 0019 
0.0140 
0. 1903 
0.0976 
Trace 
0. 1448 
0.3045 
0. 1953 
0. 0320 
0.0041 
0. 6254 
0. 0093 
0. 0517 
0. 3537 
Trac<^ 

2. 085J 

(36) 



Per cent. oX to- 
tal material 
in solution. 



0.09 
0.67 
9.13 
4.68 



6.94 


17.48 


9.37 


1.56 


0.20 


29.99 


0.45 


2.48 


10.96 



100. 00 
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Samjple No. 2 was taken at a point ia the overflow about 85 feet (25 
vertically and 60 horizontally) from the margin of the basin, for the pur- 
pose of getting some idea of the rate at which the water near the source 
was depositicig travertine. The sample was collected at the same time 
with No. 1. The temperature of the water had fallen at the place where 
the sample was taken to 44P C. The determinations were not dupli- 
cated, and a portion of 150 g. was devoted to each determination. The 
deposit of calcium carbonate, which was found iu the sample on cooling 
and standing — though the water was dear when it was bottled — was 
analyzed separately. 



Constituenta. 


Grains per kilo of water. 


In the water. 


1 
In the deposit, i Total. 

1 


SOs 

COa 

Ca 


0.4573 
0. 3433 
0. 1926 
0. 0786 




0.0433 
0. 0578 
0. 0011 


0.4573 
0. 3866 
0.2504 
0. 0797 


Mg 



If it be assumed that at the point at whiclj the sample was taken, 
the water still carries the sulphates with which it le^t the source — and 
this assumption is consonant with the fact that the travertine deposits 
of these springs carry only trifling amounts of sulphuric acid-r-the com- 
parison of the analyses of JS'os. 1 and 2 indicates that during the flow of 
the water, hot, thinly spread, and thoroughly churned, 4 per cent, of it 
was lost by evaporation; and that every kilogram of water which left 
the source and made this passage deposited something like 0.1C75 g. of 
calcium carbonate. 

Sample No, 3 was taken as a preliminary specimen October 11, 1883. 
The sulphuric acid, carbonic acid, and calcium were alone determined : 

Grams 
per kilo. 

SO3.. 0.4254 

CO2 - 0.5071 

Ca O.SOOf) 

It will be noted that the small sample of 1883 carried about the same 
amount of lime, a little less sulphuric acid, and very much less carbonic 
acid than the sample of the year following. The deficiency iu carbonic 
acid may have resulted from imperfect sealing of the bottle iu which 
the water was preserved, and the lapse of time before the analysis was 

made. 

(37) 
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ORANGE SPUING. 



(Locality, Mammoth Hot Springs ; date of collection, October II, 1883; temperatore, 

6IV^ C. ; reaction, alkaline.) 



Coustitaents. 



SiO«.... 

SO3 

COi.... 

BaOs.... 

AsiO«... 

CI 

Br 

H2S 

O (basic) 

Fe I 
Al} -•• 

Ca 

Mg 

K., 

Na 

Lift 

NH4.... 



Grams per kilo 
of water. 



0.0502 

0. 4407 

0. 3378 

Present 



0. 1623 
Trace 
None a 
0. 1790 

0. 0012 

0. 2821 
0. 0639 
0. 0610 
0. 1233 
0. 0016 



1. 7057 



Per cent of to- 
tal material 
m solution. 



2.94 
25. 84 
19.81 



9.51 

10.53 

0.07 

16.54 
3.86 
3.58 
7.23 
0.09 

100. 00 



Determina- 
tions. 



1 
1 
1 
1 
1 
1 
1 
1 
1 



1 
1 
1 
1 
1 



Grams of water 
employed in 
each determi- 
nation. 



500 
250 
500 



250 



500 

503 
500 
500 
500 
500 



a As received in the laboratory. 



b By Mayer'H method. 



Hypothetica I comhinalioft . 



Constituents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal 'material 
in solution. 


LiCl 


0. 0097 
0. 1636 
0. 1165 
Trace 
0.1834 
0.3295 
0. 2002 
0. 5580 
0. 0022 
0. 0502 
0. 0924 


0.57 
9.59 
6.83 

10.75 

19.32 

11.74 

32.71 

0.13 

2.94 

5.42 


NaCl 

KCl 

KBr 


NaaS04 

MgS04 

CaS04 

CaCOs 

AhOg 

SiOa 


COa 


1. 7057 


100 00 
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UOT RIVER. 



(Locality, Mammoth Hot Springs ; date pf collection, October 5, 1884 ; temperature, 

5b^ C. ; reaction, alkaline; specitic gravity, 1.00157.) 



ConstitaeDts. 



SiOa .... 

SOi 

CO2 

B,0».... 

CI 

Br 

HfS 

O (basic) 

Fe 
Al 

Ca.. 

Mu. 

K... 

Na.. 

Li .. 

NH4 



r»-«.v»-.,v«..i,ii«, : l*pr cent, of to- 
of water. ; i^ 8^,i„tio«. 



0.0500 
0.4230 
0.4270 
0. 0128 
0.0004 
0. 1604 
None 
None 
0. 1C82 

0. 0051 

0.23CO 
0. 0C31 
0. 04G2 
0.15C6 
0.0011 

0. COOll 

1. 74401 



Albuminoid ammonia, trace. 



2.87 
24.20 
24.49 
0.73 
0.02 
9.20 



9.64 

0.29 

13.53 
.^C2 
2.C5 
8.63 
0.00 
0.01 

100. 00 



Determina- 
tions. 



2 

2 

2 
o 

o 

1 
I 



•> 
♦) 
2 
o 
o 

1 



Grama of water 
employed in 
eacli determi- 
nation. 



200 
200 
200 
500 
500 
100 
100 
6C0 

200 

200 
200 
100 
100 
100 
50 



Eypothctical comhination. 



Constitaents. 



/'^.„-«««m.»' Per cent, of to- 
^^Pt^tL ' tal materiiil 
ot water. , ^^ solution. 



NH4CI..... 

LiCl 

NaCl 

KCl 

NaaSOj ..-. 

M|;S04 

CaSOi 

NnaBiOy . 
NaAnOi .. 
CaCOs ... 

Ah03 

SiOs 

CO2 



0. 0003 
0. 0068 
0. 181:5 
0.C882 
0. 22C5 
0.3155 
0.14:0 
0. 0185 
0. 0004 
0. 4^33 
O.fOOT 
0. 0500 
0. 2143 

1. 7440 

(39) 



0.02 
0.39 

10.64 
5.06 

12.08 

18.09 
8.31 
1.06 
0.02 

27.71 
0.56 
2.87 

12.29 

1(,'0. 00 
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[BULL. 47. 



GARDINER RIVER. 



(Locality, above Hot River ; date of collection, October 12, 1833 ; temperature, 8° C. ) 



Cousiituents. 



SiO«.... 

SO3 

CO2 .... 
CI 

O (basic) 

Al I-'- 

Ca 

Mg..... 

K 

Na 

Li 



Grams per kilo 
of water. 



0,04C9 
0.0117 
0. 071O 
0. 0049 
0. 0216 

0.00i2 

0. 0250 
0. 000.') 
0. 0079 
0. 0200 
Traco 



0. 2137 



Percent, of to- 
tal material 
iusoliitiuD. 



21.95 
5.47 

33.23 
2.29 

10.11 

1.06 

11.70 
0.23 
3.70 
9.36 

100. 00 



Determina- 
tions. 



2 
2 
o 

2 



2 
o 

2 
2 



Grams of water 
employed in 
ea<'.h aetermi- 
uation. 



100 
100 
200 
100 

100 

100 
100 
100 
100 



Hypothetical combination. 



Constituents. 



LiCl... 
KCl ... 
K:2S04 . 
Na2S04 
Na^COj 
MgCOs 
CaCOs . 
AUO3 . - 
Si02-.. 
COi... 



Grams per kilo 
of wat»T. 



Traco 
0. 0103 
0. 0050 
0.0101 
0. 0340 
0.0018 
0. 0625 
0. 0079 
0. 04C0 
0. 02SG 

0. 2137 

(40) 



Percent, of to- 
tal material 
in solution. 



4.82 
2.62 
7.53 

15.91 
O.Si 

29.25 
3.70 

21.95 

ia.38 

100. (.0 
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GARDINER RIVER, 

(Locality, Mammolh Hot Springs, below Hot River ; date of collection, September 

26, 1884 ; temperature, 13^ C.) 



Constitaeuts. 



SiOj.... 

SO3 

CO2 

CI 

O (basic) 

Fe ( 
Al 5 • - 

Ca 

M« 

K 

Na 

Li 



! 

Grams per kilo ! ^^Z?^_?!:*!fii'i- 1 Detenniiia 



of water. 



0. 0272 
0. 0802 
0.1725 
0. 0301 
0. 0487 

0. 0010 

0. 0749 
0. 0175 
0.0105 
O.OJll 
Traco 



0. 4937 



tal material 
in solution. 



5 51 

16.24 

34.94 

6.10 

0.80 

s 

o.t:o 

15.17 
3. 55 
2.13 
6.30 



100. 00 



tlODS. 



2 
o 

o 

2 



o 
o 



Grams of vratrr ' 
oiiiploved in 1 
each <letenni- 
uation. 



500 
500 
500 
500 

500 

500 
500 
500 
500 



Hypoihetical combination. 



Constitaeuts. \ ^''''^11^'^^'' 

01 water. 



Li CI... 

KCL... 

KaCl... 

Na2S04 

MgS04. 

MgCOa 



CaCOa 
AbOs . 
Si02.. 
COv... 



Trace 
0. 0200 
0. 0339 
0. 0549 
0. 0739 
0. 0094 
0. 1873 
0.*0019 
0. 0272 
0. 0852 



0. 4937 



(41) 



Percent, of to- 
tal material 
in solution. 



4.05 

6.87 
11.12 
14.97 

L90 
37.94 
•o.38 

5.51 
17.26 

100. 00 
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WATERS OP YELLOWSTONE NATIONAL PARK. 



[BULL. 47. 



WATEB SUPPLY AT MAMMOTH HOT SPRINGS. 



(Locality, faucet in iiotel ; date of collection, July 28, 1884.) 



Constitaents. 


Grams per kilo 
of water. 


Percent, of to- 
tal material 
in solution. 


Determina- 

tii)D8. 


Grams of water 
emploved in 
each determi- 
nation. 


SiOs 


0. 0335 
0.0310 
0. 1230 
0. 0022 
0. 0248 

0.0011 

0. 0316 
0.0089 
0.0031 
0. 0145 
None 


12. SB 5 


1000 
1000 

2uO 

500 

« • • • 

1008 

1000 
1000 
1000 
1000 

1 


SOs 


11.24 

44.61 

0.80 

9.00 

0.40 

11.40 
3.23 
1.12 
5.26 


2 
2 
2 

■ • 

2 
2 
2 
2 
2 


COa 


CI 


(basic) 

Al I 


Fe > 

Ca 


Mff 


K 


Na 

Li 




0. 2757 


100. 00 



Ammonia, 0.00002*2 gram; albuminoid ammonia, 0.000028 gram; nitric acid. 
0.000115 gram per kilo. 

Hypothetical combination. 



Grams perkil>> 
of water. 




For cent, of to- 
tal matei-ial 
in solution. 



Grains per 
U. S. {^callon. 



1.67 


0. 2085 


0.54 


0. 0875 


16.25 


2.6151 


2.76 


0.4436 


9.36 


1.5060 


28.65 


4. 6114 


0.76 


0. 1225 


12.88 


2. 0722 


27. 13 


4. 3662 


100. 00 


16.0930 



(42) 
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SODA SPRING. 



(Locality, Mammoth Hot Springs; date of collection, , 1887; temperatare^ e^C; 

reaction, acid; specific gravity, L00041.) 



Constittients. 


Grams per kilo 
of water. 


Percent, of to- 
tal material 
in solntion. 


Determina- 
tions. 


Grams of water 
employed in 
eacli determi- 
nation. 


SiOs 

SOs 


0.0184 
0. 0390 
0. 6735 
None 
None 
0.0044 
None 
0.0432 
0.0053 
0.0004 
0.0808 
0.0106 
0.0027 
0. 0039 
None 
0. 0005 


2.08 

4.42 

76.30 

0.50 

4.89 
0.60 
0.06 
9.15 
1.20 
0.31 
0.44 

.05 


2 
2 

2 
2 
2 
2 

.. 


500 
200 
200 
1,000 
1,000 
200 
200 


COa 

BiOa 


AsjOa 

CI 

HsS 


0(ba8ic) 

Fe 


i 

2 1 500 


Al 


2 
2 
2 
2 
2 
2 
2 


500 
500 
600 
200 
200 
200 
50 


Ca 


Mg 

K 


Na 


Li 


NH4 




0. 8827 


100. 00 



Albuminoid ammonia : Trace. 



Hypotheiical combination. 



Constituents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solution. 


NH4CI 

LiCl 


0.0015 
None 
0. 0051 
0. 0015 
0. 0102 
0. 0500 
0.0021 
0. 2020 
0. 0076 
0.0008 
0. 0184 
0.5835 


0.17 

0.58 

0.17 

1.16 

5.67 

.24 

22.88 

.86 

.09 

2.08 

66.10 


KCl 


NaCl 

Na2S04 

MgS04 

MgCOs 

CaCOa 

re203 

Al«03 

SiOa 


CO2 


0.8827 


100. 00 



(43) 



WATEES OP YELLOWSTONE NATIONAL PARK. 



tj, Norria Ooj'Bcr Basin ; date of collection, Angnst IS, 1881 ; tcmporatare, 
88" C; reaction, aentral ; apedfic gravity, l.OflllO.) 



Condltoonl* 


QriniBpsrIillo 


[■or ctiit. o 
ml mate 
iu solaliu 




0.4180 
0.03BT 

NODO 

O.U253n 

aousfl 

Kone 

None 

a 0113 
o.ODoa 
0.01IOS 

HODB 

u,O0B2 

Tnco 
Trato 
«. UJ16 


"5 00 


TiO. 










"8 














AmO. 




















Olbaric) 


..,. 
























0.01 












»BI 






Li 

NH, - 


0.fll) 




id by Mirisnito's metSiod. IfFuihuI by Moyvr's method, 
a (uot iu amiimatLun) O.OUOOl gntuis iier kilo. 
(44) 
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Hypothetical comhination. 



Constltaents. , Grams per kilo 
v^vuo(.ii.ucut;9. 1 ^j water. 


Percent. oft«- 
tal luatei'ial 
in solution. 


NH4CI 

LiCl 


0. 0007 
0. 0492 
0. 0768 
0. 0039 
Trace 
Trace 
0. 9760 
0. 0404 
0. 0005 
0. 0230 
0.0319 
0. 0029 
0. 00" 1 
0.0011 
0. 0004 
0.4180 
0. 0019 
Trace 


0.04 
3.02 
4.71 
0.24 

59. 78 
2.47 
0.03 
1.41 
1.96 
0.18 
0.37 
0.06 
0.02 

25.60 

0.11 

Trace 


KCl 


KBr 


CsCl 


RbCl 


NaCl 

.Na2S04 

MgS04 

CaS04 

Na2B407 

NaAsOv 

CaCOs 

F0C03 

AUO3 

SiOa 

Co* 


H2S 


1. 6328 


100. 00 



The analysis of a preliminary sample of 1,350 cm^., taken September 27, 1883, yielded 
tbe following figares, which signify grams of material per kilogram of water : SiOa 
0.3463; SO3 0.0501; CI 0.6476; Fe, Al 0.0021; Ca 0.0098; Mg trace; K 0.0443; Na 
0.3931 ; Li 0.0042. 

(45) 
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WATERS OF YELLOWSTONE NATIONAL PARK. 



[BULL. 47. 



FBARL GEYSER. 



(Locality, Norris Geyser Basia ; date of collection, August 20, 1884 ; temperature, 

84° C. ; reaction, neutral; specific gravity, 1.00110.) 



Constituents. 



Grams per kilo 
of water. 



SiOa 

TiOj 

S0» 

C08 

NaOs 

P20f 

BaOt * 

AsiOa .... 

CI 

Br 

I 

Fl 

H2S 

0(ba8ic) .. 

Fe 

Al 

Mn 

Ba 

Sr 

Ca 

Mfc 

Cs 

Rb 

K 

Na 

Li 

NH4 



0. 4636 
None 
0.0228 
0.0075 

None 

[0. 0273] 

0.0038 

0.6520 



None 
Trace 
0. 0134 
Trace 
0. 0031 
Trace a 
None 
None 
0. 0064 
0.b009 



0.0544 
0.4046 
0.0022& 
0. 00021 

[1.66221] 



Per cent, of to- 
tal material 
in solution. 



27.89 

1.38 
0.45 



[1. 65] 

0.23 

39.22 



0.81 
0.18 



0.38 
0.05 



3.27 

24.34 

0.14 

0.01 

[100. OOJ 



Determina- 
tions. 



2 
1 

o 

2 
1 

1 

2 

2 



1 
1 

1 
2 
1 
1 
1 
2 
2 



2 
2 
2 
1 



Grams of water 
employed in 
each determi- 
nation. 



500 
54 OOG 

liooo 

200 

54,000 

3,200 
200 



54,000 
600 

54000 

500 

54,000 

54,000 

54,000 

500 

500 



200 

200 

10,800 

1,000 



a 000038 gram. 



b By Mayor's method. 



Albuminoid ammonia (not included in summation) 0.00001 g. 

(46j 
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ffypoihetical combination. 



1 
Coustitiientt}. 

1 


Grains per kilo 
of water. 


1 
Percent, of to- i 
tal material 1 
in solution. 


NH4CI 

LiCl 


0. 0006 
0,0133 
0.103P 
0. 9738 
0. 0366 
0. 0037 
0.0050 
[0. 0394) 
0. 0031 
0. 0133 
0. 0059 
0. 4636 
Trace 


0.03 
0.80 
6.26 

58.59 
2.21 
0.22 
0.30 

[2. 371 
0.18 
0.80 
0.35 

27.89 


KCl 


NaCl 

Na2S04 

CaS04 

NaAsO* 

Na2B40, 

MsjCOa .... 

CaCOa 

AhOa 

SiO? 


flaS. 




[1.6622] 


[100. 00] 



An accidental loss of the material for analysis prevented the determinations of the 
boric acid, bromine, iodine, calcium, and rubidium. In the figures given above it 
has been assumed, in order that the analysis may be utilized as far as may be for com- 
parison with the others, that the boric acid was present in amount just sufficient to 
neutralize the excess of base over all acid in the dissolved material. This supposi- 
tion is probably not very far wrong, if we may draw any conclusion in this matter 
from the composition of adjacent waters, but it is nevertheless purely an assumption. 

(47) 
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WATHUS OF YKLLOVVSTONK NATIONAL PAKK. 



[bull. 47. 



CONSTANT GEYSER. 



(Locality, Norris Basin; tlato of collection, September 13, 18S5; temperatare, 92° C. ; 

reaction, acid; specific gravity, 1.0011;').) 



Constituents. 



Grams per kilo 
of wattT. 



SiOa 

SOs 

CO2 

B3O3 

A82O3 

CI 

Br 

HaS 

O(baaic). .. 

Fo 

Al 

Ca 

Mg 

K 

Na 

Li 

NII4 

H(iuHCl) 



0. 4685 
0. 0923 
0.0155 
0. 0317 
0.0018 
0. 5740 
Trace 
None a 
0.0185 
Trace 
0. 0048 
0.0146 
0. 0018 
0. 0745 
0.3190 
0. G030 
0. 00127 
0. 0008 

1. 62207 



Percent, of to- 
tal material 
ill Holiiriou. 



28.88 
5. Of) 
0.95 
1.95 
0.11 

33.39 



1.14 



0.29 


0.9l) 


0. 11 


4.60 


19.67 


0.19 


0.08 


.05 



100. 00 



Dctcrniina- 
tiuns. 



^ 

2 
2 
•> 

o 

2 
1 

2 

2 

2 

2 
o 

w 

2 
2 
1 



G rams of water 
employed in 
vavh <)etermi- 
nation. 



a As received in the laboratorj-. 
Albuminoid ammonia, none. 

Hypothetical combination. 



200 
200 
200 
500 
500 

200 
100 

600 

200 
200 
200 
200 
200 
200 
200 
50 



Constitnenta. 


Grams per kilo 
of water. 

0. C038 
0. 0182 


Percent, of to- 
tal material 
in solution. 


NH4CI 

LiCl 


0.23 
1 11 


KCl 


0. 1423 ! «- 77 


KBr 


Trace 
0. 7590 
0. 0635 . 
0. 0090 
0. 049G 
0. 0304 
Trace 
0. 4G85 
0.0317 
0.0018 
0. 0155 
0. 0287 


46.79 
3.91 
0.55 
3.07 
1.88 

28. 88 
1.95 
0.11 
0.95 
1.77 


KaCl 

Ka2S04 

MgS04 

CaS04 

A]2(S04)3.... 

Fe2(S04)3 .... 

Si02 

B2O3 


AS2O3 

CO2 

HCl 








1. 6220 i 100. 00 

1 
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CORAL SPRING. 



(Locality, Norris Geyser Basiu; date of collection, August 20, 1884; temperature, 

73^ C; reaction, acid; specific gravity, 1.00130.) 



Constituents. 



Si02 

SOs 

COi 

B2O3 ... 
A82OS — 

CI 

H?S 

O (basic) 

Fo.. 

Al , 

Ca 



M- 



K 

Na 

Li 

NH4 

H(inHCl). 



Grams per kilo 
of water. 



0. GOTO 
0. 02C4 
0. 0425 
0. 0328 
0. 0007 
0. 7087 
None 
0. 0053 
Trace 
0. 0029 
0. 0102 
0. 0022 
0. 0729 
0. 3930 
0. 0020 
0. 00042 
0. 0032 



Percent, of to- 
tal material 
in ^olutiim. 



Determina- 
tions. 



1. 91082 



31.77 

' 1.38 

2.-22 

1.71 

0.04 

37.00 

0.28 

0.15 
0.54 
0. 11 
3.81 
20.60 
0.11 
0.02 
0.17 

100. 00 



2 
2 
2 
2 
2 
2 
1 



Grams of water 
employed in 
eacli determi- 
nation. 



200 
200 
200 
1,000 
1,000 
100 
COO 



• 




. 


200 


2 


200 


2 


200 . 




md 


200 


2 


100 


2 


100 


2 


100 


1 


50 



Albuminoid ammonia (not in summation), 0.00010 grams per kilo. 



Hypotheiical comhination . 



Constituents. 



r-.-o^^c^^^ir^r. Percent, cfto- 
^^?t?fL^ I »al material 
ot water. \ .^ solution. 



NH4CI 

LiCl.-. 

KCl .- 

NaCl . 

MgCla 

AlaCle 

Fe^Cic 

MkS()4 

CaS04 

BvOa-. 

A85O3. 

SiOi.. 

CO2... 

nci .. 



0. 0012 


0. 0121 


0. 1393 


1.0011 


0. 0016 


0.0143 


Trace 


0. 0090 


0. 0347 


0. 0328 


O.OO07 


0.6070 


0. 0425 


0. 0145 



1. 9108 



(49) 



0.06 


0.64 


7.29 


52. 39 


0.08 


0.75 


0.46 


J 1.82 


1 1.72 


0.04 


31.77 


2.22 


0.76 



100.00 



Ball. 47- 
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WATERS OF YELLOWSTONE NATIONAL PARK. 



[BULL. 47. 



CORAL SPRING. 



(Locality, Norris Geyser Basin ; date of coUeotion, Ootober It, 1886 ; temperatnrey 
72° C. ; reaction, faintly acid; sfiecifio gravity, 1^00124.) 



Constituents. 



SiO, .... 

SOs 

CO, 

BaOa-... 
AsgOs- • • 

CI 

HjS 

0(ba8ic) 

Fe 

Al 

C» 

Mg 

K 

Na 

Li 

NH4.... 



I 
Grams per kilo 
of water. 



0. 5805 
0. 0280 
0.0262 
0. 0368 
0.0009 
0. 6701 
None 
0. 0175 
Trace 
0.0077 
0. 0071 
0. 0014 
0. 0815 
0. 3925 
0. 0040 
0. 0003 

1. 8545 



Per cent, of to- 
tal material 
in solution. 



Determina- 
tions. 



31.30 
f.51 
1.41 
1.98 
0.05 

36.14 

0.94 

0.42 
0.39 
0.07 
4.40 
21.16 
0.21 
0.02 

100.00 



2 
2 
2 
2 
2 
2 
1 

2 
2 
2 
2 
2 
2 
2 
1 



Grams of water 
employed in 
eacn detennl' 
nation. 



200 
200 
200 
500 
.500 
200 
600 

200 
200 
200 
200 
200 
200 
200 
50 



Albuminoid ammonia (not in summation) 0,00060 gram per kilo. 



Hypothetical combination. 



Constituents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solution. 


NH4CI 

LiCI 

KCl 

NaCl 

Na2S04 ...... 

MgS04 

CaS04 

Na2B40, 

KaAsOj. 

CaCOa 

AI2O8 

Fe^Os 

SiOa 

CO2 


0. 0009 
0. 0243 
0. 1557 
0. 9483 
0. 0228 
0. 0070 
0. 0179 
0. 0531 
0. 0012 
0. 0048 
0. 0139 
Trace 
0. 5805 
0. 0241 


0.05 
L31 
8,39 
51.13 
1.23 
0.39 
0.96 
2.86 
0.07 
0.26 
0.75 

31.30 
1.30 


L8545 


100. 00 



(50) 
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ECHINUS SPRING. 



[Locality, Norris Geyser Basin ; date of colleotioiiy An^^nst 20, 1884 ; temperatore, 

91° C. ; reaction, acid ; specific gravity, 1.00071.) 



r% *•* * ; Grams per kilo 
Con8titamt8. ofwkter. 



SiOi 

SO3 

C()2 

B2O3 

AsaOa 

CI 

Br 

H2S 

0( basic) .. 

Fe 

Al 

Ca 

Mg 

K 

Na 

Li 

NH4 

H(in HCl) 



0.2532 
0.1929 
0.0250 
0. 0173 
0.0016 
0. 1207 
Trace 
Trace 
0.0386 
None 
0.0027 
0.0115 
None 
0395 
0.1265 
Trace 
0. 00106 
0. 0007 

0. 83126 



Per cent, of to- 
tal material 
in solation. 



30.46 

23.21 

3.01 

2.08 

0.19 

14.52 



4.64 


0.33 


1.38 


4.75 


15.22 


0.13 


0.08 



Determina- 
tions. 



100.00 



2 
2 
2 

2 
2 
2 
2 
1 

2 
2 
2 
2 
2 
2 
2 
1 



Grams of water 
employed in 
each determi- 
nation. 



200 
200 
200 
500 
500 
200 
100 
600 

200 
200 
200 
200 
200 
200 
200 
50 



Albuminoid ammonia: None. 



Hypothetical combinution. 



Constituents. 


r'l.oL^a n<^i.irn.^ 1 l*®r cent, of to- 
nl"w£,ir ^ tal material 
olwaier. | j^ solution. 

1 


NH4Ci 

LiCl 

KCl 


1 
0.0040 0.48 

Trace 

0.0754 9.07 

Trace 

0. 0908 ( 10. 92 
0.2803 j 33.72 
0. 0391 4. 70 
0. 0171 2. 06 
0. 2532 -40. 4A 


KBr 

NaCl 

Na2S04 

CaS04 

Al2(SOi)4 .... 

SiOa 


BaOa 


0. 0173 
0.0016 
0.0250 
0.0275 
Trace 


2.08 
0.19 
3.01 
3.31 


A82O3 

CO2 


HCl 


HoS 




0.8313 


100.00 



(51) 
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WATERS OF YELLOWSTONE NATIONAL FAKK. 



[bull. 47. 



SCIILAMMKESSEL. 



(Locality, Norris Geyser Basin ; date of collectiou, Augast 20, 1884 ; temperatnre, 

91° C; reaction, acid; specific gravity, 1.00130.) 

The water was filtered from material in suspension. 



Constituents. 



SiO, 

SOs 

CO, 

BaO, 

ASaOa 

CI 

Br 

HaS 

O (basic) . . 

Fe 

Al 

Ca 

Mg 

K 

Na 

Li 

NH4 

H(IqHCI) . 



Grams per kilo ! ^'7„?*'!l5- ^'LJ"; 

of witer. I"* "?^!f "*^ 

m somtion. 



0, 4577 
0.1012 
0.0175 
0. 0390 
None 
0. 6391 
Trace 
Trace a 
0. 0202 



27.04 
5.98 
1.04 
2.30 

■37. 75 



1.19 



Determina- 
tions. 


Grams of water 
employed in 
eacii determi- 
nation. 


2 


200 


2 


100 


2 


100 


2 


200 


1 


200 


2 


100 


I 


100 



0. 0081 


0.48 


2 1 

1 


0. 0078 


0.46 


2 


0. 0003 


0.02 


2 


0. 0254 


1.50 


2 


0. 3f)54 


21.58 


2 


0. 0029 


0.17 


2 


0. 00633 


0.37 


1 


0.0019 


0.12 




1. 69283 


100. 00 



200 

200 
200 
200 
200 
200 
50 



a As received in tbfe laboratory. 
Albaminoid ammonia (not in sammation) 0.00040 grams per kilo. 



Hypolhetical Combination. 



Constituents. 


Grams per kilo 
of water. 


Percent, of to- 
tal material 
in solution. 


NH4CI 

LiCl 


0.0188 
0. 0176 
0. 0485 
Trace 
0. 8585 
0. 0802 
0. 0015 
0. 0205 

0. 0513 

0. 4577 
0. 0390 
0. 0175 
0. 0697 


1.11 
1.03 
2.86 

50.72 
5.09 
0.09 
1.57 

3.03 

27.04 
2.30 
1.04 
4.12 


KCl 


KBr 

NaCl 

Na«S04 

MgS04 

CaS04 

Al2(S04)8-- ) 

re2(S04)8..> 
SiOa 


B2O1 


CO2 


HCl 


HjS 


Trace 






l.(j«2& 100.00 

_ _ _ 
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FOUNTAIN GEYSEU. 

(Locality, Lower Geyser Bivsin ; date of collection, August 24, 1884 ; temperature, 
82^ C; reaction, alkaline; specific j^ravity, 1.00100.) 



Conatituonts. 



SiOj ... 
TiOtf... 

SO3 

COi 

N2O3.... 
P2O*.... 
B^Oa- .. 
AssOs- .. 

CI 

Ur 

1 

Fl 

HaS 

O (basic) 

Fe 

Al 

Mn 

Ba 

Sr 

Ca 



r- ..-».««««,. b-n.J Per cent, of to- 
nJ Jin, ' tiilniatetial 
of wRlcr. j„ solution. 



Det<irmina 
tion». 



Mg. 
Cs.. 
lib.. 
K... 
Xa.. 
Lie . 
NH4 



0. 3315 
Xoiy 
0. OIO.'J 
0. 2307 
None 
0. 00004 
0.0138tf 
0. 0027 
0. 3337 
0. 0004 
None 
None 
Traco 
0. 0C54 
0. 0002 
0. 0057 
Trace b 
None 
Nono 
0.0014 
0.0010 
None 
None 
0. 0379 
0. 3522 
0. 0035 

0. 00015 

1. 39979 



23.09 

1.39 
16.48 



0.90 

0.19 

23. 84 

0.03 



4.67 
0.01 
0.41 



0.10 
0.07 



2. 71 


2.5. 16 


0.25 


0.01 



1 

2 
•> 

1 

1 



<> 

.J 

o 

2 
2 
1 
1 

2 
o 

1 
1 

1 
2 
o 

2 
o 

2 
o 

o 

1 



Grams of water 
in each deter- 
niination. 


200 


31,000 


200 


200 


500 


31,000 


6,200 


6.200 


100 


6,200 


6,200 


31,000 


600 


31, 000 


200 


31, 000 


31, 000 


31, 000 


200 


200 


6,200 



100. 00 



6,200 
100 
100 

6,200 
500 



a 3y Marignac's metlioU. b 0. 000003 grams, c By Mayer's method. 
Aloaminoid ammonia (not in summation) 0.00033 grams per kilo. 

H}/2)oth('tic(il vomhinaiiou. 



Constitneuts. 

NH4CI 

LiCl 

KCl 

KBi- 

NaCl 

Na2S04 

Na2B407 ... 
NaAsOa - . - . 

NasCOs 

MgCOi 

CaCOa 

FeCOa 

MnCOs 

Al.jO, 

SiOi 

CO2 

H2S 



/ ' ..««.., .v^.. V ;i.v 1***»" cent, of to- 1 
(njin.s per kilo ^^^j niaterial i 



of wat«r. 

0. 0004 
0. 0213 
0. 0720 
0. 0006 
0. 4636 
0. 0340 
0. 0198 
0. 0035 
0. 3541 
t). 0035 
0. 0035 
0.0004 
Trace 
0.0108 
0. 3315 
0. 0801 
Trace 



in solution. 

0.02 

1.52 

5.15 

0.04 
33.12 

2.47 

1. 42 

0.25 
25. .^0 

0.25 

0.25 

0.02 



1.309T 



i.Y-i) 



0.77 

23. 69 

5.73 
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GREAT FOUNTAIN GKYSER. 



(Locality, Lower Geyser Basin; date of collection, August 24, 1884; temperature, 
8^-93^ C.(a); reaction, alkaline; specific gravity, 1.00104.) 



Constituenta. 


Grams perkilo 
of water. 


Per cent, of to- 
tal matoiial 
in solatiun. 


Determina- 
tions. 

* 

2 
2 
2 

1 
2 
2 


Grams of water 
employed in 
each determi- 
nation. 


SiOa 

SO. 


0. 3182 
0.0187 
0.2107 
0.01006 
0. 0017 
0.3508 
None 
0.0472 
Trace 
0.0021 
0. 0017 
0. 0023 . 
0. 0145 
0. 3351 
0. 0025 


24. 19 
1. 42 

1C.02 
0.76 
0.13 

26.67 

3.59 

0.16 
0.13 
0.17 
1.10 
25.47 
0.19 


2C0 
100 
200 
50 
500 
10A 


COa 


BaOa 

AsiOa 

CI 


H2S 


1 mo 1 


(basic) 

Fe 


2 
2 
2 
2 
2 
2 
2 


200 
200 
200 
200 
100 
100 
100 


Al 


Ca 


Mg 


^^» .......... 

K 

Na 


Li 


1. 3155 


100. 00 



a The nsnal range of tempeiataro during the interval between eruptions. 

b liosts on one determination, and that made with an insufficient amoant of water, tbe remainder 
having been lost accidentally. 



Hypothetical combination. 



Constituents. 



LiCl . . . 
KCl .... 
NaCl ... 
Na2S04 
Na2B407 
NaAsO^ 
NaaCOj . 
MgCOa . 
CaCOs . . 
AluOs . - . 
FesOs . . . 
Si02-... 
COi 



Grams per kilo 
of water. 



0. 0152 
0. 0277 
0.5354 
0. 0332 
0. 0144 
(J. 0022 
0. 2530 
0. 0080 
0.0043 

0. ooio 

Trace 
0. 3182 
0. 0993 

1. 3155 



Percent, of to- 
tal material 
in solution. 



1.15 
2.11 

40.70 
2.52 
1.09 
0.17 

19.28 
0.61 
0.33 
0.30 

24.19 
7.55 

100.00 
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HYGEIA SPRING. 



(Locality, Lower Geyser Basin; date of collection, September 11, 1885; temperature, 

43° C. ; reaction, alkaline; specific gravity, 1.00107.) 



Constitnonts. ^"ir^lL^^^^ 



Si02 

SO, 

CO* 

B2O3 

As20s. . . . 

01 

Br 

H^S 

O (basic). 

Fe 

Al 

Ca 

Mg 

K 

Na 

Li 

NH4 



of water. 



Per cent, of to- 
tal material 
in solution. 



Determina- 
tions. 



0. 2477 


20.08 


0. 0190 


1.65 


0.2907 


24. (2 


0. 0239 


2.02 


0. 0034 


0.29 


0. 2487 


21.06 


Trace 




None a 





0. 0504 


4.27 


None 




0. 0036 


0.31 


0. 0064 


0.54 


0. 0022 


0.19 


0.0154 


1.30 


0. 2654 


22. 18 


0. 0032 


0. 27 


0. 00021 


0.02 


1. 18081 


100. 00 



a As received in the laboratory. 



Albuminoid ammonia, none. 



Grams of water 
employed in 
each determi- 
nation. 



2 

o 
o 
o 
o 

2 
1 



200 
200 
200 
500 
500 
200 
100 



2 


200 


2 


200 


2 


200 


2 


200 


2 


200 


2 


200 


2 


200 


1 


50 



Ht/pothetical comhiuaiion. 



Corstitucnts. 

• 


Giaraaper kilo 
. of water. 


Percent, of to- 
tal material 
in solution. 


NH4CI 

LiCl 


0. 0006 
0. 0194 
0. 3594 
Trace 

0. 0:94 

0. 0348 
0. 0345 
0. 0049 
0. 2393 
0.0077 
0. 0160 
0. 0068 
0. 2477 
0.1803 


0.06 

1.64 

30.44 

2.49i 

2.95 

2.92 

0.41 

20.26 

0.65 

1.35 

0.58 

20.98 

15.27 


KCl 


KBi- 


NaCl 

Na2S04 

Na2B407 

NaA802 

NaaCOa 

MgCOs 

CaCOa 

AI2O3 

SiOa 

CO.. 




1. 1808 


100. 00 



(55) 



56 



WATERS OF YELLOWSTONE NATIONAL PARK. 



[BULL. 47. 



MADISON SPiaXG. 



(Locality, Terrace Springs, near juuctiou of Gibbon and Firebole Rivers; date of 
collection, SeptembeT 11, 1885; temperature, 60^ C. ; reaction, alkaline; specific 
gravity, 1.00100.) 



a As received in the laboratory. 
Albuminoid ammonia (not in summation), 0.00(h20 grams per kilo. 



Hypothetical combination. 



Constitacnta. 


1 

I 

Grams per kilo 
of water. 

0. 1507 

0. 0123 

0.6140 

0. 0130 

Trace 

0. 0698 
Nono 
None a 

0. 1062 
Nono 
None a 

0. 0255 

0.0017 

0. 0385 

0. 2930 

0. 0r04 

0. 0008 ■ 


Percent, of to- 
tal material 
in solution. 

11.37 

0.93 
40. M 

0.98 

5.26 

8.01 


1.92 
0.13 
2.90 
22.10 
0.03 
0.06 

100. 00 

1 


Detprmtna- 
tions. 

2 


md 

1 

1 
•2 

: 1" 

: 

2 
2 
2 
2 

1 2 

2 

1 

1 

1 

i 


Grams of water 
cni])loyed in 
each (fetermi- 
nation. 


1 

1 SiOs 


200 
200 
200 
500 
500 
200 


SOj 


COi 

BaOi 


A82O3 

' CI 


• Br 


100 ! 


1 

II2S 


*WV j 


(basic) 

Fe 

Al 


200 
200 


Ca 


200 
200 
200 
200 
200 
50 


Mg ,.. 

K 


Xa 


Li 


NH4 




1. 3259 



f^^^^^^r.^.^~i^^ Percent. of to- 
Constituents. ^^*.!?!!.rrL^'^^ tal niaierial 

in solution. 



of water. 



NH4CI . 
LiCl ... 
KCl ... 
NaCl . - 
NasSOi. 
N.12B4O7 
NaAsOi 
NasCOi 
MjrCOa- 
CaCOs . 
SiOj..-. 
CO2.... 



0.0024 
0. 0024 
0. 0735 
0. 0513 
0. 0218 
0.0187 
Trace 
0. 0025 
0. OUfiO 
0. 0038 
0.1507 
0. 3328 

1.3259 

(50) 



0.18 
0.18 
5.54 
3.87 
1.05 
1.41 

45. 44 

0.45 

4.81 

11.37 

25. 10 

100. 00 
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FIREHOLE RIVER. 



(Locality, above the jaDction of Nez Percd Creek ; date of collection, Aagust 24j 1884'; 
temperature, 8° C; reaction, alkaline; specific gravity, 1.00031.) 

The water was filtered before bottling. 



Constituents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
iu solution. 


Detenniua- 
tion. 


Grams of water 
employed in 
each determi- 
nation. 


SiOi 

SO, 


0.09G5 
0. 0084 
0. 1040 
O.OOGO 

None 
0. 0737 

None 
0. 0265 
Trace 
0. 0031 
0. OOGG 
0. 0007 
0. 0170 
0. 0930 
0. 0011 


22.10 
1.92 

23.83 
1.37 

16.89 

6.07 

0.71 
1.51 
O.IC 
3.89 
21.30 
0.25 


2 
2 

1 
1 
2 

• • 

• ■ 

2 
2 
2 
2 
2 
2 
2 


200 
100 
200 
340 
500 
100 

• • • • 

• « • • 

200 
200 
200 
200 
100 
100 
100 


CO2 

BiOs 


A82O3 

CI 


H2S 


(baaic) 

Fe 

^' 

Ca 

Mff 


K 


Na 


Li 




0. 4366 


100. 00 



Hypothetical combination. 



Constitnents. 


Grams per kilo 
of water. 


Per cent of to- 
tal material 
in solution. 


LiCl 


0.0067 
0. 0325 
0. 0867 
0. 0149 
0.0087 
0. 1201 
0.0024 
0. 0165 
0. 0059 
Trace 
0. 09G5 
0. 0457 


1.53 
7.44 

19.86 
3.42 
1.99 

27.51 
0.55 
3.78 
1.35 

22. 10 
10.47 


KCl 

NaCl 

Na2S04 

Na2B407 

.NaaCOs 

MgCOs 

CaCOa 

AI2O3....... 

FeaOs 

SiOa 

CO2 




1 


0.4366 100.00 

i 
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EXCELSIOR GEYSER. 



(Locality, Midway Basin; date of oollection, Angast 25, 1864; temperature, 92^ C; 

reaction, alkaline; specific gravity, 1.00110.) 



Constituents. 



SiOt ..•■... 

TiOi 

SOt 

C0« 

N«0« 

P«0« 

BiOi 

ci 

Br 

I 

Fl 

H»S 

O (basic).. 

Fe 

Al 

Mn 

Ba 

Sr 

Ca 

Mg 

Cs 

Kb 

K 

Na 

Li 

NH4 



Grams per kilo 
of water. 



0.2214 
None 
0. 0146 
0.3825 
None 
Trace 
0.0161a 
0.0026 
0.2793 
Trace 
None 
None 
Trace 
0. 0955 
0. 0018 
0.0012 
Trace 
None 
None 
0.0022 
0.0022 
None 
None 
0. 0325 
a 4186 
0.0020& 
0. 00001 

1. 47261 



Per cent, of to- 
tal material 
in solation. 



a By Marignac's method. 



15.04 

0.99 
25.97 



Le9 

0.18 

ia06 



6.49 
0.12 
0.08 



0.15 
0.15 



2.21 

28.43 

0.14 

100.00 



Determina- 
tion. 



2 

1 

2 

2 

2 

1 

2 
o 

m 

2 
2 
2 
1 
1 



Grams of wat«r 
employed in 
eacn determi- 
nation. 



200 

24.000 

200 

200 

120 

24,000 

2,400 

2,400 

100 

2,400 

2,400 

24,000 

600 



2 


24,000 


2 


200 


1 


24,000 


1 


24,000 


1 


24,000 


2 


200 





200 


2 


2,400 


2 


2,400 


2 


100 


2 


100 


2 


2.400 


1 


50 



b By Mayer's method. 



Albuminoid ammonia (not in summation), 0.00002 gram per kilo. 
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ffypoihetical combination. 



ConstitaeDts. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solation. 


NH4CI 

LlCl 


Trace 
0.0121 
0. 0621 
Trace 
0.3948 
0. 0259 
0.0232 
0.0034 
Trace 
0.5739 
0.0077 
. 0.0055 
0.0037 
0.0023 
0.2214 
0.1365 
Trace 


Trace 
0.82 
4.22 
Trace 
26.81 
1.76 
1.58 
0.23 

38.97 
0.52 
0.37 
0.25 
0.15 

15.04 

9.28 

Trace 


KCl 


KBr 


NaCl 

Na»S04 

Na.B40r 

NaAsOt 

Na?HP04.... 

NaaCOi 

MgCO. 

CaCOs » 

FeCO, 

AlaO, 

SiOt 


COt 


H»S 




1.4725 


loo. 00 



A preliminary sample of 600 om^., taken Augast 29, 1883, yielded as analysis the 
following fignres, which signify grams of material per kilogram of water : SiOs, 
0.2727; SO3, 0.0107; B3O3, present; CI, 0.2765; Fe and Al, 0.0009; Ca, 0.0055; Li, 
present. 

(39) 



WATERS QF YELLOWSTONE NATIONAL PABK. 



(liWality, Upper Geyser Bei 
m^SB" C. (a) ; 



; ilato of collection, Sopteniber 1, 13*1 ; temperatare, 
alkaline; aiKicifio gravity, 1.00090.) 



"-"-"■ 


™r™Xr. 


Per wnt. oflo- 
Ml maturial 

iDUlDCiOll. 


Detcrtuinu. 


einplovoil in 
eiich duUrmi- 
uBtlon, 


SIO, 


0.S828 
0.0152 

None 

0.01186 
0.4301 

o,ooa* 
o.oooz 

Hone 
0.0015 
O.DDOS 

D.DDoe 
raooii 




0.15 
O.Hi 

o-oi 
3.0:; 



0.11 



x.ae 






I ^Z 1 






2 

1 


1,500 
81.000 
13,600 
IS, 500 

13,500 

13,500 

M,000 

GOO 

aj,ooo 

81,000 

84,ooa 

M,00« 

27,000 
200 
300 

13, 5M 
SO 






AjhO. 




- 






Odxuio) 






^; 





















a The ntnal Tonge o! ti 

theBSIDpIoirnataki^nlllll 
b By Mniienix:'' rnHboi 

dByMnypr'ninvtlicil. 

AlbniniDoiil nmmouin (not ii 
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ffypothetical combination. 



CoQstilucnts. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solution. 


NHiCl 

LiCl 


Trace 
0. 0340 
0. 6393 
0. 0478 
Trace 
Trace 
0. 0051 
0. 0270 
0. 0213 
0. 0027 
0. 2088 
0. 0279 
0. 0021 
0. 0038 
Trace 
Trace 
0. 0017 
0. 3691 
0. 0002 


Trace 
2.44 

45.97 
3.44 

0.37 
1.94 
1.53 
0.19 
15.02 
2.01 
0.15 
0.27 

0.12 

26.54 

0.01 


KCl 


KBr 


CsCl 


EbCl 

NaCl 


Na2S04 

N2aB407 

XaAsOs 

Na2C03 

NajSiOa 

MgCOs 

CaCOs 

FeCOs 

MnCOs 

AI2O3 

SiOa 


xlsl^ ...... ... 


1.3908 


100. 00 
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SPLENDID GRTSER. 



(Locality, Upper Geyser Basin ; date of collection, September 10, 1885 ; temperature, 

93*^ C. ; reaction, alkaline; specific gravity, 1.00132.) 
The concentration of the water was effected in porcelain. 



Constituents. 



Grams per kilo 
of water. 



SiO» 

TiOt.... 

bO, 

COa 

NsO«.... 
PsOs.... 
BaO,.... 
AsaOg... 

CI 

Br 

I 

Fl 

HaS 

O (basic) 

Fe 

Al 

Mn 

Ba 

Sr 

Ca 

Mg 

Cs 

Rb 

K 

Na 

Li 



0.2964 

None 

0.0158 

0. 4225 

None 

0. 0U012 

0.0234 

0. 0019 

0. 3227 

None 

None 

None 

None 

0. 0897 

0. 00008 

0. 0027 

None 

None 

None 

0. 0030 

0.0005 

None 

None 

0. 0121 

0.4407 

0.0023 

0. 00008 

1. 63398 



Per cent, of to- 
tal material 
in solution. 



Determina- 
tions. 



18.14 

0.97 
25.86 

0.01 

1.43 

0.12 

19.75 



5.49 

0.005 

0.16 



0.18 
0.03 



0.74 
26.97 
0.14 
0.005 

100. 000 



2 
1 
2 
2 
2 
1 
2 
2 
2 
2 
2 
1 
1 

2 

2 

1 

I 

1 

2 

2 
o 

2 
2 
2 
2 
1 



Grams of water 
employed in 
eacn determi- 
nation. 



500 

22,000 

500 

200 

400 

22,000 

500 

4,500 

200 

4,500 

4,500 

22, 000 

600 

22,000 

500 

22, 000 

22,000 

22, 000 

500 

500 

9,000 

9,000 

200 

200 

200 

50 



Albuminoid ammonia (not in summation), 0.00002 grams per kilo. 
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Hypothetical oomhinaiion. 



Constitaents. 

• 


Grams per kilo 
of vater. 


Per cent of to- 
tal material 
in eolation. 


Nn4Ci 

LiCl 


0.0002 
0. 0140 
C.0231 
0.4940 
0.0281 
0.0335 
0.0025 
0.0002 
0.5286 
0.0018 
0. 0075 
0.0001 
0.0051 
0.2964 
0.1989 


0.01 
0.86 
1.41 

30.23 
1.72 
2.05 
0.15 
0.01 

32.86 
0.11 
0.46 
0.01 
0.31 

18.14 

12.17 


KCl 


NaCl 

Na,S04 

Na,B40r 

NaAaO, 

2ira,HP04.... 

NajCOg 

MgCOa 

CaCOs 

FeCOs 

A1,0, 

SiOa 

co« 


^^''31 •-•• •••••• 


1.6340 


100.00 
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SPLENDID GEYSER. 



(Locality, Upper Geyser Basin ; date of collection, August 28, 1884 ; temperature, 

93° C. ; reaction, alkaline ; specific gravity, 1.00127.) 



Constitaonts. 



I 



r«,™«.«»x««bii.. Perceiit. of to 
^I?L^f«? tal material 

ol water. , ^^ solution. I 



SiO, 

SO3 

CO, 

BaOa 

AB2O3 — 

CI 

Br 

H2S 

O (basic) 

Fe 

Al 

Ca 

Mg 

K. ■...-.. 

Na , 

Li 

NH4..... 



0. 3UU0 
0.0158 
0. 40i2 
0. 0240 
0. 0010 
0.3181 
None 
Non«i 
0. 086G 
Trace 
0. 0034 
0.0034 
0. 0015 
0. 0152 
0. 4179 
0. 0037 
0. 00042 

1.59522 



18.81 
0.99 

25.34 
1.51 
O.OG 

19.94 



5.43 

0.21 
0.21 
0.09 
0.95 
26.20 
0.23 
0.03 

100. 00 



Determina- 
tions. 



2 
2 
2 
2 
2 
2 
2 
1 

2 

2 

o 

*i 

2 
2 
2 
2 
2 



Grams of water 
employed in 
each determi- 
nation. 



200 
100 
200 
500 
500 
100 
100 
600 

200 
200 
200 
200 
100 
100 
100 
50 



Albuminoid ammonia (not in snmmatiou) 0.00020 grams per kilo. 



Hi/poihetical comhinaiion. 



Constituents. 



NH4CI.. 
LiCl .... 

KCl 

NaCl.... 
Na2S04.. 
Na2B407 
NaA802. 
NaaCOg . 
MgCOs . 
CaCOa .. 
AI2O4... 

SiOa 

CO2 



n ,.««,« ,.«,.i,n^ ' Percent, of to- ' 
Grams perkilo. ^^^ Tnateria^ 

in solution. 



of water. 



0. 0012 
0.0225 
0. 0290 
0. 4G92 
0. 0280 
0. 0340 
0. 0016 
0.4977 
0. 0053 
0. 0085 
0.0064 
0. 3000 
0. 1912 

1. 5952 



0.08 
1.41 
1.82 

29.41 
1.76 
2.17 
0.10 

31.20 
0.32 
0.53 
0.40 

18.81 

11.99 

100. 00 
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GIANTESS GEYSER. 



(Locality, Upper Geyser Basin ; date of collection, Angnst 29, 1884 ; temperature, 

93° C. ; reaction, alkaline ; specific gravity, 1.00100.) 



Constituents. 


Grams per kilo 
of water. 


Per cent of to- 
tAl material 
in solntion. 


Determina- 
tions. 


Grams of water 
employed in 
each determi- 
nation. 


SiO, 

SO. 


0. 3917 
0. 0167 
0. 1055 
0. 0233 
0.0006 
0.4408 
Trace 
Trace 
0. 0111 
Trace 
0.0049 
0.0007 
0.0012 
0. 0410 
0.3451 
0.0057 


27.62 
1.18 
7.44 
1.64 
0.04 

31.08 

2,90 

0.34 
0.05 
0.08 
2.90 
24.33 
0.40 


2 

2 

2 

• 2 

2 
2 
2 

1 

2 
2 
2 
2 
2 
2 
2 

• • 


200 
200 
200 
200 
200 
100 
100 
600 

• • * 

200 
200 
200 
200 
100 
100 
100 


CO, 


B,0« 


AsaO, 

CI 


Br 




O(basio) 

Fe 


Al 


Ca 


Mg 

K 


Na 


Li 


NH* 


■^-^ '**4 •"••••••• 


1. 4183 


100.00 



Syjpothetical comhination. 



Constituents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solution. 


LiCl 


0. 0346 
0.0783 
Trace 
0. 6173 
0. 0296 
0. 0336 
0.0008 
0. 1959 
0.0042 
0.0017 
0.0003 
0. 3917 
0. 0213 ^ 
Trace 


2.44 
5.52 

43.52 
2.09 
2.37 
0.06 

13.81 
0.30 
0.12 
0.65 

27.62 
1.50 


KCl 


KBr 


ITaCl 

KaiR04 

:^f%B407 

NaAsOs 

ITatCOt 

MgCOi 

CaCOs 

AlaO, 

SiOa 


Cbt 


HjS 




1. 4183 


100.00 



The analysis of a preliminary sample of 1,300 cm'., taken August 28, 1883, yield 
the following results, which are given in grams of material per kilogram of water : 
SiOs, 0.3843; SO3, 0.0144; CI, 0.4384 ; Fe and Al, 0.0030; Ca, 0.0058; Mg, 0.0002; Li, 
0.0043; Na and K, weighed together as chlorides, 0.9559. The chlorides of the 
sodium and potassium found in the preceding analysis amount to 0.9564 ^am.^ 

(65) 
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BKEHIVB GETBER. 

(Locality, Upper Geyser Basin; date of collection; September 1, 1884; temperature, 

93° C. ; reaction, alkaline ; si>ecific gravity, 1.00095.) 



Constitaentf. 



SlOa.... 

S0» 

CO. 

B«0»...- 
AasOt.-. 

CI 

Br 

HaS 

O (basic) 

Fe 

Al 

Ca 

Mg 

K 

Na 

Li 

NH4.... 



Grams per kilo 
of water. 



0. 3042 
0.0271 
0.0020 
0. 0145 
0. 0011 
0.8894 
Trace 
None 
0.0364 
Trace 
0.0029 
0. 0039 
0. 0002 
0.0213 
0. 3118 
0.0061 
0.00021 

1. 21111 



Per cent, of to- 
tal material 
in solution. 



25.12 
2.24 
7.60 
1.20 
0.09 

32.15 



3.00 

0.24 
0.32 
0.02 
1.76 
25.74 
0.50 
0.02 

100. 00 



Determina- 
tions. 



2 
2 
2 
2 
2 
2 
2 
1 

2 
2 
2 
2 
2 
2 
2 
1 



Grams of water 
emnloved in 
eacn determi- 
nation. 



200 
100 
200 
500 
500 
100 
100 
600 

• « • • 

200 
200 
200 
200 
100 
100 
100 
50 



Albuminoid ammonia, none. 



Hypothetical combination. 



Constituents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solution. 


NH4CI 

LiCl 


0. 0006 
0.0370 
0.0407 
Trace 
0.5582 
0.0481 
0.0209 
0.0014 
0.1754 
f 0.0007 
0.0098 
0.0055 
0.3042 
0.0086 


0.05 
3.05 
e.30 

46.09 
3.97 
1.73 
0.12 

14.48 
0.06 
0.81 
0.45 

25.12 
0.71 


KCl 


KBr 

NaCl 

NftnS04 

Na»B407 

NaAsOj 

NaaCOs 

MgCOt 

CaCOt 

AljOt 

SiO, 


COt 




1.2111 


100.00 
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GROTTO GEYSER. 



(Locality, Tapper Geyser Basin ; date of oollectioo, Angnst 28, 1884 ; temper atnre, 

93° C. ; reaction, alkaline; specific gravity, 1.00120.) 



Constitabnts. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solation. 


Determina- 
tions. 


Grams of water 
employed in 
eacn aetermi- 
nation. 


SiOi 


0. 2590 
0. 0148 
0. 3155 
0.0290 
0. 0003 
0. 3045 
Trace 
None 
0.0807 
Trace 
0.0036 
0.0039 
0. 0010 
0. 0249 
0. 3853 
0. 0041 
0. 00023 


18. 15 
1.04 

22.11 
2.03 
0.02 

21.34 

5.66 

0.25 
0.28 
0.07 
1.74 
27.00 
0.29 
0.02 


2 
2 
2 
2 
2 
2 
2 
1 

2 
2 
2 
2 
2 
2 

1 


200 
100 
200 
£00 
500 
100 
100 
600 

200 
200 
200 
200 
100 
100 
100 
50 


SOs 


COa 


B^Oi 


AsaOa 

CI 


Br 


HaS 

©(basic) 

re 


Al 

Ca 


Mg 

K 


Na 

Li 

NH4 

■ 


1.42683 


100. 00 



Albuminoid ammonia (not in summation) 0.00010 gram per kilo. 



Hypothetical comhination. 



1 

Constitaents. 


Grams per kilo 
of water. 


Per cent of to- 
tal material 
in solation. 


KHiCr 

LiCl 


0.0007 
0. 0249 
0. 0476 
Trace 
0. 4293 
0.0263 
0.0418 
0. 0004 
0.4573 
0. 0035 
0.0097 
0.0068 
0.2590 
0. 1195 


0.05 
1.75 
3.34 

80.09 
L84 
2.93 
0.03 

32.05 
0.25 
0.68 
0.47 

18.15 
&37 


KCl 


KBr 


NaCl 

lfa2S04 

'NaaBiOf 

NaAsOj 

NaaCOs....t. 

MgCOs 

CaCOs 

AUOs 

SiOa 


COa 




1.4268 


100.00 
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TURBAN AXP GRAND GETSERS. 



(Locality, Upper Geyser Basin ; date of collection, September 1, 1884 ; temperature, 

91^ C. ; reaction, alkaline; specific gravity, 1,00108.) 

The vents of these geysers connect with one another. 



Constituents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solution. 


Determina- 
tions. 


Grams of water 
emnlojed in 
eaon determi- 
nation. 


SiO» 


0. 3035 
0. 0218 
0. 1950 
0.0243 
0.0011 
0. 3767 
Traco 
Trace 
0.0596 
Trace 
0. 0032 
0.0028 
None 
0. 0167 
0.3818 
0. 0030 
0. 00042 


21.83 

L57 
14. 02 . 

1.75 

0.07 
27.09 

4.28 

i 

0.25 
0.20 

1.20 

27.46 

0.25 

0.03 


2 
2 
2 
2 
2 
2 
2 
1 

• • 

2 
2 
2 
2 
2 
2 
2 
1 


200 
100 
200 
500 
500 
100 
100 
600 

m m m m 

200 
200 
200 
200 
100 
100 
100 

50 

• 


SOi 


COa 


BjOs 


AB2O1 

CI 


Br 


HtS 


0(ba8io) 

Fe 


Al 


Ca 


Mff 


■"•■6 ■•-••• ..•• 

K 


Ssk 


Li 


NH4 


1. 39052 


. 100.00 



Albuminoid ammonia (not in summation) O.OOOSO gram per kilo. 



Hypothetical combination* 



Constituents. 


Grams per kilo 
of water. 


Percent of to- 
tal material 
in solution. 


NH4CI 

LiCl 


0. 0012 
0.0218 
0. 0319 
Trace 
0.5643 
0.0387 
0.0350 
0. 0014 
0. 3209 
Nonei 
0. 0070 
0. 0061 
0. 3035 
0.0587 
Trace 


0.08 
1.57 
2.29 

40.59 
2.79 
2.52 
0.10 

23.08 

0.50 

0.43 

2L83 

4.22 


KCI 


KBr 


NaCl 

Nft»S04 

Na,B40y 

NaAsO, 

Na,CO, 

MgCO, 

CaCOs 

AljO, 

SiO. 


CO. 


H^ 


*^**' •*"••"•- 


1.3905 


100.00 
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ARTEMI6IA GETSER. 



(Locality, Upper Geyser Basin; date of collection, September 1, 1884; temperature, 

89° C; reaction, alkaline; specific gravity, 1.00121.) 



Albnminold ammonia, trace. 



1 

Constitpents. 


Grams per kilo 
oi water. 


Per cent of to- 
tal material 
in solution. 


Determina- 
tions. 


Grams of water 
emploved in 
eacn det-ermi- 
nation. 


SiOj 


0.2737 
0. 0127 
0. 3607 
0.0177 
0. 0014 
0.2996 
Trace 
None 
0.0903 
Trace 
0.0079 
0. 0014 
None 
0. 0163 
0.3988 
0. 0070 
0. 00021 


18.39 
0.85 

24.24 
1.19 
0.09 

20.13 

6.06 

0^69 
0.09 

1.09 

26.80 

0.47 

0.01 


2 
2 
2 
2 
2 
2 
2 
1 

2 
2 
2 
2 
2 
2 
2 
1 

• 


200 
lOO 
200 
500 
500 
100 
100 
600 

200 
200 
500 
200 
100 
100 
100 
50 


SOs 


CO, 

B,Oi 


A8,0, 

CI 


Br 


HaS 


OCbaslc) 

Fe 


Al 


Ca 


Mg 

K 


Na 


Li 

NHi 




1.48771 


100.00 



Sypotketical comHfuUion. 



m 

Constitaents. 


Gtams per kilo 
of water. 


Percent, of to- 
tal material 
in solution. 


liH4Cl 

LiCl 


0. 0QO6 
0.0425 
0. 0311 
Trace 
0. 4101 
0. 022G 
0.0202 
0. 0018 
0.5245 
I^one 
0. 0035 
0.0150 
0.2737 
0.1421 


0.04 
2.86 
2.09 

27.66 
1.62 
1.36 
0.12 

35.26 
none. 
0.23 
1.01 

18.40 
9.55 


KCl 


KBr 


NaCl 

Ka«S04 

2fa2B407 

NaAsOa 

NaaCOt 

MgCOt 

CaCOt 

AhOt 

SiOt 


C0» 




L4877 


100.00 
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TAURUS GEYSER. 



(Locality, Shoshone Basin ; date of collection, Jaly 20, 1887 ; temperature, 92^ C. ; 

reaction, alkaline; specific gravity, 1.00105.) 



Constitaents. 


Grams per kilo 
of water. 


Per cent of to- 
tal material 
in eolation. 


Determina^ 
tions. 


Grams of water 
emnloved in 
eacn determi- 
nation. 


SiOt 


0.2926 


22.60 


2 
2 
2 
2 
2 
2 
2 

• • 

2 
2 
2 
2 
2 
2 
2 
2 


500 
200 
200 
1,000 
1,000 
200 
WO 

500 
500 
500 
500 
200 
200 
200 
50 


so» 


0. 0385 ' 2. OR 


CO. 

B20$ 


0. 3210 
0. 0149 
0. 0007 
0. 1935 


24.89 
1.16 
0.05 

IS. on 


AsaO* 

CI 


Br 


None ' 


HaS 


None 
0.0781 
Trace 
0.0040 
Trace 
0.0009 
0.0235 
0. 3202 
0. 0009 
0. 0010 


6.05 

0.31 

0.07 
1.82 
24.83 
0.07 
0.08 


(basic) 

Fe 


AI 


Ca 


Ms 


JU.Q .......... 

K 


ITa 


Li 

NH4 




1. 2898 


100.00 



Albuminoid ammonia, 0.0002 grams per kilo. 



Hypothetical combination. 



Constituents. 


Grams t)er kilo 
of water. 


Per cent, of to- 
tal material 
in solution. 


NH4CI.* 

LiCl 


0. 0030 
0.0055 
0. 0149 
0.2729 
0. 0630 
0. 0045 
0.0215 
0.0009 
0.4971 
0.0480 
0. 3210 
0.0075 
Trace 


.24 

.43 

3.48 

21.15 

4.88 

.85 

1.67 

.07 

38.54 

3.72 

24.89 

.58 

Trace 


KCl 


NaCl 

Na«S04 

MgS04 

Na»B407 

NaAsOa 

NajSiO, 

Si02 

C0» 


AlsOs 

FeaOs 


1.2b98 


100.00 
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ASTA SPRING. 



(Locality, Hillside Springs ; date ofcollection, September 16, 1884 ; temperature, 840C.5 

reaction, alkaline.) 



OonstitaenU. 


Grams per kilo 
of water 


Per cent, of to- 
tal material 
in solution. 


Determina 
tionn. 


Grams of water 
employed in 
eacn determi- 
nation. 


SiO» 


0.1650 
0.0324 
0. 1800 
Trace 

0.0947 
None 
None 

0. 0392 

0. 0059 

0. 0118 
0. 0010 
0. 0116 
0. 1340 
0. 0008 


24.40 

4.79 

26.61 

14.00 

5.79 

0.87 

1.75 
0.15 
1.72 
19.80 
0.12 


• • 


200 

200 

200 

■ 100 

• • • • 

200 
100 

200 

200 
200 
2C0 
200 
200 


SOi 


COa 


BaOs 


AsaO* 

CI 


Br... 


HaS 


(basic) 

Fe > 


A 5 

Ca 


Mg 


K 


Na 

Li 




0.6764 


100.00 



Hypothetical combination. 



Constitnents. 


Grams per kilo 
of water. 


Per cent of to- 
tal lAaterial 
in solatiou. 


LiCl 


0.0048 
0. 0221 
0. 1320 
0. 0575 
Trace 

0.1463 
0. 0035 
0. 0295 
0. 0112 
0.1650 
0.1045 


0.71 
3.27 
19.51 # 
8.50 

21.63 

0.52 

4.36 

1.65 
24.40 
15.45 


KCl 


NaCl 

Na9R04 

NafB407 

NaAsOa 

NasCOs 

MgCOs 

CaCOs 

AlaOs 

SiOa 

COa 




0.6764 


100.00 
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BENCH SPRING. 



(Locality, Upper Geyser Basin ; date of collection, September 2, 1884 ; temperature, 

88° C. ; reaction, slightly acid.) 



Constituents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solntion. 


Determina- 
tions. 


Grams of wat«r 
employed in 
each determi- 
nation. 


SiOa 


0. 2400 
0. 1151 

None 
Trace 
None 
0. 0350 

0. 0145 

Trace 
Trace 
0.0097 
0. 0574 
Trace 


50.88 
24.40 

* 

7.42 

3.07 

2.06 

12.17 

...... 


1 
1 

1 
1 
1 • 

• 1 

1 
1 
1 

1 
1 


40 
100 

• • « • 
« « • • 

100 

■ « M • 

40 

40 

40 

100 

100 

100 


so» 


co» 


BjOi 


CI 


HaS 


(basic) 

Fe \ 


Al 5 

Ca 


Mff 


K 


Na 

Li 




0. 4717 


100.00 



Hypothetical comhination. 



• 

Constituents. 


Grains per kilo 
of water* 


Per cent, of to- 
tal material 
in solution. 


"K^SOi 

KikSOi 

MgS04 

CaS04 

A18(S04)S.... 

AlaOs 

SiOa 


0. 0216 
0. 1772 
Trace 
Trace 
0.0066 
0. 0263 
0. 2400 
Trace 


4.58 
37.57 

1.40 

5.57 

50.88 


HCl 


CO* 




0. 4717 


100. 00 
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FIREHOLE RIVER. 



(Locality, above Upper Geyser Basin ; date of collection, August 27, 1884 ; temperar 
ture, 12^ C. ; reaction, slightly alkaline; specific gravity, 1.00015.) 

The water was filtered before bottUng. 



Confltitaents. 


Grains per kilo 
of water. 


Per cent, of to- 
tal material 
in solution. 


Determina- 
tions. 


Grams of water 
emploved in 
eaon determi- 
nation. 


SiCH 


0.0407 
0.0062 
0.0305 
Trace 
None 
0.0105 
None 
0.0103 
Trace 
0.0029 
0.0052 
0.0011 
0.0094 
0. 0151 
Trace 
0.00002 


30.86 

4.70 

23.11 

7.96 

7.81 

2.20 
3.94 
0.83 
7.13 
11.45 

0.01 


2 
2 
2 
2 
2 
2 

•• 
2 
2 
2 
2 
2 
2 
2 
2 


200 
100 
200 
600 
600 
100 

• • « « 

200 
200 
200 
200 
100 
100 
100 
50 


SOi 


C0« 


BoO. 


AsaOs 

CI 


HaS 


0(ba8ic) 

Fe 


Al 

Ca 


Mir 


*"*o ••""•*•••■ 

K 


Na 


Li 


NH4 




0. 13192 


100. 00 



Albuminoid ammonia (not in summation), 0.00010 grams per kilo. 



Mypothetical comhinationt 



Constituents. 


Grams per kilo 
of water. 


Per cent of to- 
tal material 
in solution. 


■^TOaCI 

LiCl 


Trace 
0.0181 
0.0030 
0.0116 
Trace 
0. 0210 
0.0038 
0.0130 
0.0055 
Trace 
0.0407 
0.0158 


1?race 

Trace 

13.72 

2.27 

&34 

Tracp 

15.02 

2.88 

9.86 

4.17 

30.86 
11.08 


Kci 


ITaCl 

2faaS04 

Na«B407 

KaaCOs 

MgCOt 

CaCOi 

AltOi 

FeiOs 

SiOi 

co» 




0.1319 


100.00 
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YELLOWSTONE LAKE. 



(Locality, near ontlet; date of collection, September 18, 1834; specific gravity, 

1.00014.) 

The water was filtered through linen. 



Constituents. 


Grams per kiTo 
of water. 


Per cent of to- 
tal material 
in solution. 


Determina- 
tions. 


Grams of water 
employed in 
each determi- 
nation. 


SiO« 


0.0420 
0. 0070 
0.0725 
None 
None 
0.0094 
None 
0. 0100 

• 

None 
0.0021 
0. 0086 
0. 0003 
0. 0047 
0.0156 
Trace 
0. 00042 


24.32 

4.04 

42.00 

5.43 

5.78 

L21 
4.97 
0.16 
2.71 
9.36 

0.02 


2 
2 
2 
2 
2 
2 

• • 

2 
2 
2 
2 
2 
2 

• • 

1 


200 
100 
200 
500 
600 
100 

200 
200 
200 
200 
100 
100 
100 
50 


SOi 


COa 


BiOi 


AssOa 

CI 


H,S 


©(basic) 

Fe 


Al 


Ca 


Me 


^^a •••••••••■ 

K 


Na 


Li 


NH4 




0. 17262 


100.00 



Albaminoid ammonia (not in summation), 0.00022 grams per kilo. 



Hypothetical combination. 



Constituents. 


Grams per kilo 
of Water. 


Percent, of to- 
tal material 
in solution. 


NF4CI 

Li CI 


0. 0012 
Trace 
0.0090 
0.0071 
0.0124 
0.0202 
0. 0010 
0. 0215 
0. 0040 
0.0420 
0.0542 


0.69 

5.21 
4.11 
7.18 

11.73 
0.58 

12.45 
2.32 

24.33 

31.40 


KCl 


NaCl 

NajSO* 

Na2C0t 

MgCO, 

CaCO, 

AlaO, 

SiOo. 


CO2 




0. 1726 


100.00 
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(Locality, at the crossing of the road ; date of collection, Septeiubet 19^ 1884 ; reac- 
tion, acid; specific gravity, 1.00105.) 

The water was filtered through linen before bottling. 



Constituents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solution. 


Determina- 
tions. 


Grams of water 
employed in 
each determi* 
nation. 


SiOa 


0. 2180 
0. 4202 
0. 0075 
0.0067 

None 
0. 2028 
Trace 

None 
0. 0840 
0.0250 a 
0. 0025 
0. 0127 
0. 0038 
0. 0741 
0. 1595 
0.0009 
0.00106 
0.0C46 


17.83 

. 34. 38 

0.61 

0.47 

16.59 

6.87 
2.04 
0.20 
1.04 
0.31 
6.06 
13.05 
0.08 
0.09 
0.38 


2 
2 
2 
2 
2 
2 
1 

• • 

• • 

2 
2 
2 
2 
2 
2 
2 
1 


200 
200 
200 
500 
500 
200 

loq 

• • • • 

• • » • 

200 
200 
200 
200 
200 
200 
200 
50 


SOs 


co« 


BaOs 

AsaOi 

Cl 


Br 


HaS 


(basic) 

re 


Al 


Ca 


Me 


K 


Na 


Li 


NH4 


H(inHCl)... 


1. 22236 


100. 00 



Albnminoid ammonia Cnot in summation), 0.00010 gram per kilo. 

a All in ferric condition. 



Hypothetical comhinatioii. 



Constitnetits. 


Grftms per kilo 
of water. 


Per cent, of to- 
tal material 
. in solution. 


NH4CI 

LiCl 

KCl 


0. 0031 
0.0055 
0.0669 
Trace 
0.0872 
0.4924 
0.0190 
0.0432 
.0.0158 
0. 0893 
0.2180 
0.0057 
0.0075 
0.1688 


0.26 
0.45 
5.47 

7.13 
40.29. . 

1.55 

3.53 

1.29 

7.31 
17.83 

0.47 

0.61 
13.81 


KBr 


KsSOi 

Na^S04 

MgS04 

CaS04 

Al9(S04)t .... 

SiOj 


BaOi 


COj 


HCl 


1 


1.22g4 


100.00 
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CHBOMB SPRING. 



(Locality, Crater Hill; date of collection, September 19, 1684 ;: temperatare, 92^ C. ; 

reaction, neutral; specific gravity, 1.00231.) 

The water was filtered from suspended matter before analyzing and the latter was 
examined by itself. 



Constituents. 


G-rams per kilo 
of water. 


Percent, of to- 
tal material 
in solution. 


Determina- 
tions. 


Grama of water 
employed in 
eacQ determi- 
nation. 


Si02 


0.3750 
0.3618 
0.0147 
0.0842 
0.0072 
1.0207 

None a 
0.0801 

0.0043 

0.0140 
0.0020 
0.1603 
0. 7320 
0.0064 
0.0106 


13.04 

12. 5i) 

0.51 

2.93 

a. 25 

35.52 

2.78 

0.14 

0.48 
0.06 
5.66 
25.47 
0.21 
0.36 


2 
2 
2 
2 
2 
2 

• • 

• m 

2 

2 
2 
2 
2 
2 
2 


200 
100 
200 
250 
250 
200 

• • • • 

m m m m 

m 

• • • • 

200 

200 
200 
100 
100 
100 
40 


SO. 

COa 


BxO. 


AsaOs 

CI 


Br 


HjS 


(basic) 

Fe.........? 

Al i 

Ca 


Mg 

K 


Na 


Li 


NH4 




2. 8733 


100.00 



a As received in the laboratory. 
Albuminoid ammonia (not in summation), 0.00107 grams per kilo. 



Material in 
Busnension in < 
akuoofwater 



SiOa 0.4791 gram. 

S 0.0757 gram. 

Other ) 
insoluble > ....••. 0.0903 gram. 

matter ) ■ ■ 

0.6051 gnm» 



(76) 



OOOCH AND WHITFIELD.] 



RESULTS OF ANALYSIS. 



77 



Mypotheiioal oomUnaHon, 



Constitnents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solution. 


KH4CI 

LiCl 


0.0815 
0.03£8 
0. 3062 

1.3536 
0.5804 
0.0100 
0.0476 
0. 0516 
0.0082 
0.3750 
0.0485 
0.0072 
0.0147 


1.10 

1.35 

10.60 

47.11 
21.46 
0.34 
0.45 
1.74 
0.29 
13.05 
1.69 
0.25 
0.51 


KCl ... 

KBp 


XaCI 

Na»804 

MgS04 

CaS04 

NaaB40r 

Al,Qg 

SiOt 


B»0. 


AgaOs 

co«. 


>^ x^ J ■••«•■•• .. 


2.8733 


100.00 



A preliminary sample of 600 om'., taken September 18, 1883, yielded, when filtered 
from saspended material, the following figores signifying grams of material per kilo- 
gram of water : 

SiOs, 0.2380 ; SO3, 0.3516 ; CI, 1.0442 ; Fe and Al, 0.0080 ; 

Ca, 0.0185 ; Mg, 0.0024 ; K, 0.1438 ; Na, 0.6269 ; Li, 0.0041. 
The reaction was aold. 

(77) 
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BiUSH POT SPRING. 



(Locality, Pelican Creek ; date of collection, October 1, 1886 ; temperature, 85° C. ; 

reaction, acid; specific gravity, 1.00088.) 

The water was Altered from suspended material before tbe analysis. 



Constituents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solution. 


Determina- 
tions. 


Grams of water 
emnloved in 
eacn determi- 
nation. 


SiOs 


0. 2270 
0. 5375 
0.0045 
0. 0056 

None 
0. 0047 

None a 
0.0929 
Trace 
0.0045 
0.0632 
0. 0214 
0. 0195 
0. 1175 

None 
0. 0100 
0. 0001 




2 
2 
2 
2 
2 
2 

• • 

2 
2 
2 
2 
2 
2 
2 
2 


200 
200 
200 
500 
500 
100 

• * » • 

• • « • 

200 
200 
200 
200 
200 
200 
200 
50 

• • • • 


SOa 




COs 




BaOa 




AsiOs 

CI 






HaS 




(basic) 

Fe 






Al 




Ca 




Mff 




jug .......... 

K 




Na 




Li 




NH4 




H(inHCl)... 




1.1084 



a As received in the laboratory. 

Albuminoid ammonia (not in summation), 0.00060 gram per kilo. 
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Hypothetical combination. 



Constituents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solution. 


(NH4)2S04... 

Na2S04 

KsS04 

MgS04 

CaS04 

Al2(S04)» 

Fe2(S04)».... 
SiOa 


0. 0366 
0. 3627 
0.0435 
0. 1070 
0. 2149 
0. 0285 
Trace 
0.2270 
0. 0056 
0.0733 
0.0045 
0. 0048 


3.30 
32.72 

3.93 

9.66 
19.39 

2.57 

20.48 
0.50 
6.61 
0.41 
0.43 


BsOs 


SOs 


CO2 

nci 




1. 1084 


100.00 



The water carried in suspension 0.5551 gram of insoluble matter per kilogram of 
water. This material dried at 104^ ; lost 7.33 per cent, of its weight on ignition. 
The partial analysis of 3.4972 grams of the ignited material resulted as follows: 



SiOi 


Per cent 

6L30 

0.63 

24,24 

6.53 

Trace 

1.74 

2.18 

0.57 

0.84 


SOs 

AhOt 

Fe20» 

MnO 

CaO 


MeO 


KaO 


2faaO 


98.03 
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PEVII^'S INK POT. 

« 

(Locality, Mo»nt Waahburn ; date of ooUeotion, July, 8, X886 ; temperature, 92^ C. ; 

reaction, acid; specific gravity, 1.00221.) 



Constitaents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solation. 


Determina- 
tions. 


Grams of water 
employed in 
eacin deternii- 
nation. 


SiO, 


0.0897 
1.9330 
0.0647 
0.0518 
None 
0.0058 
0.0051 
0.3795 
Trace 
0. 0037 
0.0396 
0.0121 
0.0083 
0.C245 
0.0004 
0.7687 
0. 0002 


2.65 

57.07 

1.91 

1.53 

0.17 

0.15 

11.20 

0.11 
L17 
0.36 
0.25 
0.72 
0.01 
22.69 
0.01 


2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 


200 
200 
200 
500 
500 
200 
200 

• • » • 

200 
200 
200 
200 
200 
200 
200 
100 

• • • • 


SOi 


C0« 


B2OS 


AasOs 

CI 


HjS 


(basic) 

Fe 

Al 

Ca 


M2 


K 


Xa 


Li 


NH4 


H(inHCl)... 

• 


3.3871 


100. 00 



Hypothetical combination. 



Constitaents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solation. 


(NH4)2S04... 

Li«S04 

Ka«S04 

K»S04 

MgS04 

CaS04 

Ala(S04)8.... 

Si02 

BjO« 


2.8185 
0. 0031 
0.0756 
0.0185 
0.0605 
0.1346 
0.0234 
0.0897 
0.0518 
0. 0356 
0.0647 
0. 0060 
0.0051 


83.21 
0.11 
2.23 
0.54 
1.78 
3.97 
0.69 
2.65 
1.53 
1.05 
1.91 
0.18 
0.15 


S0« 

COa 


HCl 


H»S 




3.3871 


100.00 
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SODA BUTTE SPRING. 



(Locality, Soda Butte; date of collection, September 17, 1885; temperature, 18° C. ; 

reaction, alkaline; specific gravity, 1.00138.) 

The water was filtered before bottling. 



Constitaents. 


Grams per kUo 
of water. 


Per cent, of to- 
tal material 
in solution. 


Determina- 
tions. 


Grams of water 
emnloyed in 
eacn determi- 
nation. 


SiO» 


0. 0335 
0. 0614 
1.2490 a 
0.0150 
None 
0. 0315 
None 
0.00426 
0. 1618 

0.0069 

0. 2325 
0.0632 
0. 0238 
0. 0576 
Trace 
0. 0057 


1.72 

3.16 

64.18 

0. 77 

1.62 

0.22 
8.32 

0.36 

11.95 
3.25 
1.22 
2.95 

0.29 


2 
2 
2 
2 
2 
2 
2 
2 

• 

2 

2 
2 
2 
2 
2 
1 


200 
200 
200 
500 
600 
200 
100 
200 

• • • ■ 

200 

200 
200 
200 
200 
200 
50 


so» 


C0« 


BjOs 


AsjOs 

CI 


Br. 


H2S 

(basic) 

Fe i 

Al I 

Ca 


Me 


K 


Na 


Li 


NII4 




1.9460 


100. 00 



a Cnprio sulphate was used to hold back HsS in the determination of COs. 
b As received in the laboratory. 

Albuminoid ammonia (not in summation), 0. 00140 gram per kilo. 



HypoiheHoal oomhination. 
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Constituents. 


Grams per kilo 
of water. 


Per cent, of to- 
tal material 
in solution. 


NH4CI 

LiCl 


0. 0169 
Trace 
0.0425 
0.0034 
0. 1062 
0.0216 
0. 0419 
0.2212 
0.6813 
0.0131 
0.0335 
0.8602 
0.0042 


0.87 

2.19 

0.17 

6.46 

1.11 

2.15 

U.37 

29.87 

0.67 

L72 

44.20 

0.22 


KCl 


K2SO4 

Na,S04 

Na2B40, 

NasCOs 

MgCO, 

CaCOs 

A1,0, 

Si0« 


CO, •... 

H,S 




1.9460 


100.00 



( 



ham.r 



1 " 
ico 

i 

t 
• 


Fe 

O.U 


Al 


Mn 


Ba 




934 


)49 




■ 


........l........ 




■ 


796 
682 
618 
113 

• ~ • 

185 
053 
175 
386 
202 
654 
472 
504 
062 
955 

419 

B66 
111 

^64 

307 
596 
K)3 

r8i 

J92 
J50 
501 

»0 

J29 
r95 

;g5 

03 


0. 0012 
0. 0051 
0.0069 
0. 0006 0. 0002 
0. 0021 




"""••"•* 
















none. 


none. 


n< 


trace, 
traee. 


0.0031 
0.0048 


trace.A 


none. 


n< 


trace. 0. 0029 








trace, j 0.0077 

none, j 0.0027 

0. 0081 




















0.0002 

trace. 

none. 

none. 

0.0018 

0.0 

trace. 

0.00008 

trace. 

trace. 

0.0 
trace, 
trace, 
trace, 
trace. 


0.0057 
0. 0021 
0. 0036 
none. 
0. 0012 

909 
0.0009 
0.0027 
0.0034 
0.0049 

)30 
0.0029 
0.0036 
0.0032 
0.0079 


trace. & 


none. 


ni 


trace. 


i 

» 

none, ni 


trace.e 
none. 


none, 
none. 


n> 
n< 
































trace. | 0.0040 
0. 0059 
0.0145 
0.0043 
0.0080 
































0.0250 
ti-ace. 
trace, 
trace, 
trace. 


0.0025 
0.0045 
0.0037 
0. 0031 
0.0029 
































m 


0.0042 








87 


0.0010 








'4K 


0.0011 




_ 




I32 


0.0053 
none. 


0.0004 
0.0021 






too 






1 






, i i" 



Total Na and £ as chlorides, 0. S 
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Quantity of water used 16 

Total, determination of 15 

Chlorine, determination of 20 

Chrome Spring, analysis of 76, 77 
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Madison Spring, analysis of 56 

Magnesium, determination of 21 
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supply of 42 

Manganese, determination of 27 

Marignac, method for boric acid 83 

Mayer, method for lithium 80 

Methyl alcohol, use of 18 

Mush Pot Spring, analysis of 78, 79 

Natural waters, treatment of 12 

Nesaler's re- agent use of 25 

Nitrio acid, determination of 14 

Nitrous acid, determination of 14 

Old Faithful Geyser, analysis of tN>, 61 
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Orange Spring, analysis of 88 

Oxygen, basic 83 

Pearl Geyser, analysis of 46,47 

Phosphoric acid, determination of. 27 

Potassium, determination of 22 
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Residue, total U 

Treatment of, in concentrated waters. 26 

Rubidium, determination of 81 
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Number of 9 

Size of , 10 

Schlammkessel, analysis ot 52 

Silica, determination of 21 

Free, action of 31 

Soda Butte Spring, analysis of 81 
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